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An Evaluation of the Along Track Reef Imaging System (ATRIS) for Efficient Reef 
Monitoring and Rapid Groundtruthing of EAARL Lidar 
 
Nicole O. Caesar 
 
ABSTRACT 
The Along-Track Reef-Imaging System (ATRIS) is a vessel-mounted, digital 
camera, depth sounder and Global Positioning System (GPS) package that facilitates the 
rapid capture of underwater images in shallow-water benthic environments.  This 
technology has the potential to collect ecologically significant data, particularly in 
benthic habitats less than 10 m in depth, with better location referencing and in less time 
than is required for surveys carried out by Scuba divers.  In October 2004, ATRIS was 
tested coincidently with SCUBA-assisted video along transects on five patch reefs in 
Biscayne National Park.  Images from both data sets were subsampled, viewed, and 
benthic cover under random points were identified and counted. Digital-still images of 
reef benthos collected by ATRIS were of higher quality than SCUBA-acquired video 
imagery, allowing more reliable classification of benthos. “Substrate”, which included 
areas of hard-ground, sand or rubble, was the most frequently identified benthic category 
(43%), followed by octocoral (21%), unidentifiable (19%), and macroalgae (12%).  Total 
stony coral cover averaged less than 5%.  ATRIS-acquired benthic-cover data were 
compared with rugosity data derived from the Experimental Advanced Airborne 
Research Lidar (EAARL), revealing no strong correlations, probably because much of 
the hard substrate patch reef topography was created by corals that have died in the past 
few decades.  ATRIS, diver-acquired data, and EAARL provide different scales of 
information, all of which can be valuable tools for assessing and managing coral reefs. 
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1. INTRODUCTION 
 
Coral reefs offer a wealth of economic and social goods to large numbers of 
people (Moberg and Folke 1999).  These productive, biologically diverse ecosystems not 
only provide coastal protection and recreation, but constitute approximately 10% of the 
world’s fisheries and contribute 25% of the fish catch in developing nations (Hoegh-
Guldberg 1999, Moberg and Folke 1999).  Reef-system inhabitants have played a crucial 
role as sources of new biochemicals and drugs as certain corals, sponges, mollusks and 
seaweeds have been found to possess anticancer, antimicrobial, anti-inflammatory and 
anti-coagulating properties (Hoegh-Guldberg 1999, Moberg and Folke 1999).    
Reef ecosystems are facing increased pressure from pollution and human-induced 
disturbances (Call et al. 2003).  A decline in stony coral species was documented by the 
Coral Reef Evaluation and Monitoring Project (CREMP) at 79% of their monitoring sites 
within the Florida Keys National Marine Sanctuary between 1996 and 2004 (CREMP 
Executive Summary 2004).  The Florida Keys are affected by a suite of global, regional 
and local factors (Hallock 2005) and the decline of large areas of the Florida reef tract is 
thought to be due, in part, to elevated nitrogen and phosphorous levels that are delivered 
via submarine groundwater discharge (Lapointe et al. 2002, Finkl and Charlier 2003).   
Urbanization along the coast of Florida intensified during the mid 1900s when population 
densities approached 2500 persons per km2 (Finkl and Charlier 2003).  This population 
growth led to intensive agriculture, pesticide use and shallow-injection wells contribute to 
increased nutrient loading and the resulting nutrification of reef waters (Dustan 1999, 
Griffin et al. 1999, Finkl and Charlier 2003).  Other local factors that contribute to reef 
degradation include ship groundings, anchor damage and intense usage by visitors; 
Dustan (1999) noted that seasonal visitors nearly double the population of the Keys.   
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The extensive coral bleaching event of 1997 and 1998 prompted President 
Clinton’s Executive Order 13089 of June 1998, mandating “a comprehensive program to 
map and monitor US coral reefs” and for “research aimed at identifying the major causes 
and consequences of degradation of coral reef ecosystems” (Rogers et al. 2002).  Thus, 
concerns regarding rapid coastline development near the Florida Keys, Caribbean and 
Indo-Pacific reef systems reinforce the need for rapid and effective monitoring 
techniques (Brown 1988, Dustan 1999).    
Reliable maps and baseline data on global and regional ecosystems are essential 
for effective reef-monitoring programs (Rogers et al. 2002).  Furthermore, evidence of 
worldwide coral-reef degradation (Hochberg et al. 2003) reinforces the need for effective 
monitoring programs to provide baseline information to evaluate the effects of 
hurricanes, coral bleaching, coral disease and human activities on reef systems, and to 
provide quantitative data on reef communities and community structure (Ohlhorst 1988, 
Aronson 1994).   Accurate habitat maps are essential tools for resource managers and 
scientists in understanding the spatial dynamics and general distribution of ecosystems 
(Riegl 2001).  Coastal habitat maps are also a fundamental requirement for establishing 
coastal management plans (Mumby et al. 1997) and accurate maps of submerged reefs 
provide assessment tools that facilitate the inventory of degraded and natural reef systems 
and reef structure (Lindeman et al. 2001).  
 
The Along-Track Reef Imaging System (ATRIS) 
 
Coral reef monitoring efforts require significant amounts of funding, time and 
experience (Rogers and Miller 2001), and ad hoc approaches tend to be favored to reduce 
cost (Mumby and Harborne 1999).  An arguable need exists for a method that facilitates 
the capture of ecologically significant underwater data in a less labor-intensive and time-
consuming fashion than currently utilized methods.   
Scuba surveys are more labor intensive and time-consuming than shipboard 
surveys (Green et al. 1996) and vessel-acquired imagery can provide a fast, accurate 
method of mapping corals (Riegl et al. 2001).  Data collection of video imagery over  
 3
5 km of transect would require approximately 17 diver hours, at a rate of 5 m per 
minute (Jaap and McField 2001), versus 2 hours for vessel-acquired imagery along the 
same transect.  Improved efficiency will be particularly useful in groundtruthing large 
quantities of shallow-water reef data, collected by remote sensing techniques such as the 
Experimental Advanced Airborne Research Lidar (EAARL). 
An image-acquisition method, the Along-Track Reef Imaging System (ATRIS), 
was designed at the US Geological Survey Center for Coastal and Watershed studies in 
St. Petersburg, Florida, by the remote sensing team lead by Dr. John Brock, to efficiently 
acquire digital images of shallow-water reef transects, by the incorporation of a camera 
system onto a research vessel.  System components include: a Nikon D1x digital camera, 
CSI Minimax GPS receiver, navigation computer, storage computer, three meter 
aluminum pole and a bathymetric survey acoustic sounder (Fig. 1). 
 
 
 
 
 
 
Figure 1. Components of the Along-Track Reef Imaging System (ATRIS). 
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The camera is housed in a cylindrical PVC housing 27.9 cm high and 22.9 cm in 
diameter, and deployed on a 3 m aluminum pole attached to a survey vessel (Fig.  2). A 
transparent Lexan window provides a nadir view of reef substrate.  A flange plate at the 
top of the housing permits three waterproof connectors: 1) a supplier of twelve VDC 
camera power, 2) input of the GPS GGA string into the image header files and 3) an 
IEEE 1394 Firewire cable to permit image storage directly onto onboard swappable 250 
gigabyte (GB) hard drives.  A Wide Area Augmentation System (WAAS) and 
Differential capable CSI-Minimax GPS supply vessel coordinates to the Nikon camera.   
A GPS antenna, mounted to the top of the pole, enables the GPS receiver to 
acquire image position and location.  These GPS readings are sent to the camera to be 
incorporated into the header files of the digital images.  HYPACK® navigation software 
is utilized to follow pre-planned transect lines and to continuously log vessel position at 
approximately 1 reading per second.  The acoustic sounder is mounted to the bottom of 
the aluminum camera pole, providing camera/image range from the reef surface.  These 
bathymetric readings are used to determine image scale and bottom coverage during data 
post-processing. 
A toggle switch connected to a small motor is used to raise and lower the 
aluminum pole to follow reef topography.  The acoustic sounder display is monitored to 
provide guidance in adjusting the pole height. 
The digital images are instantaneously transferred to an on-board computer; this 
allows the duration of each transect to be limited only by the capacity of the storage 
media in the computer. A forward-looking video camera is also mounted on the base of 
the pole to provide an oblique view of approaching substrate.  This video feed, recorded 
on VHS tape, provides further aid in evaluating bottom conditions during each transect.  
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Post-processing serves to correlate images with geographical position and depth.  
Geographic coordinates (Universal Transverse Mercator) and time (Universal Time 
Coordinated) are recorded in the camera image headers and the HYPACK® navigation 
logs.  During post-processing, vessel coordinate information from the navigation files is 
used to georectify the images, as the camera headers do not contain information which 
relates to the orientation of the camera images.   
  
Experimental Advanced Airborne Research Lidar (EAARL) 
 
Topographic and hydrographic airborne laser-mapping systems can perform low 
cost geomorphic surveys with approximately 10 cm vertical accuracy and spatial 
densities that exceed one elevation measurement per square meter (Brock and Sallenger 
2001).  These mapping systems fall into a category of remote sensing referred to as Light 
Detection and Ranging (Lidar) (Brock and Sallenger 2001).  
NASA’s EAARL is a 532 nanometer (nm) green wavelength raster-scanning 
Lidar, designed to survey shallow, submerged topography, sub-aerial topography and 
vegetation-covered topography in a single flight (Wright and Brock 2002).  EAARL 
measures bottom topography relative to the aircraft’s GPS position as opposed to mean 
Figure 2. Underwater digital image of ATRIS components mounted on a 3 m aluminium 
   pole; shown here is the digital camera in its underwater housing, attached to   
   the base of the pole. 
3 m aluminium 
pole 
Digital camera in 
underwater housing 
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low water (Wright and Brock 2002).  This sensor features a maximum pulse rate of 5000 
hertz, with a vertical accuracy of approximately 15-20 cm, horizontal accuracy of less 
than 1 m, and a spot size of 15 cm with 1x1 m sample spacing (Brock et al. 2002).   
The 250-pound system is flown on a twin engine Cessna 310 (Fig. 3) and operates 
by recording the time-resolved intensity waveform of the pulsed return signal to the 
detector each nanosecond after a pulse is emitted.  Topographic maps are created by 
processing the laser pulses recorded during a flight to create a digital elevation model of 
the flown surface. 
EAARL’s high resolution makes it well suited to rapidly capture detailed, 
structurally complex, rugose transects of shallow-water reefs (Brock et al. 2004). 
Scanning Lidars, such as EAARL, acquire spatially dense data within a swath that may 
be hundreds of meters wide.  EAARL produces a swath of 240 m at a flying altitude of 
300 m. Acquiring this type of data by traditional means, such as ground-based range 
finders, is prohibitively time consuming and expensive (Sallenger et al. 2003). 
 
 
 
 
Figure 3. Orientation of the Cessna aircraft during surveys using the Experimental   
               Advanced Airborne Research Lidar (EAARL) © US Geological Survey,  
               St. Petersburg, FL. 
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Topographic Complexity 
 
Habitat structural complexity encompasses variations in vertical relief and is an 
important governing factor in the abundance patterns of many marine organisms 
(McCormick 1994). Habitat structural complexity, also termed rugosity, contributes to 
ecological community structure (McCormick 1994, Friedlander and Parrish 1998), fish 
distribution (McCormick 1994, Chapman and Kramer 1999) and provides habitat and 
shelter for consumers. Szmant (1997) noted that structural complexity is essential to a 
reef system’s ability to acquire nutrients, maintain high levels of gross production and 
consumption, and maintain coral dominance over algae.  Surveys that measure reef 
rugosity contribute to the long-term monitoring of cumulative disturbance and sudden 
catastrophic change due to hurricanes and ship groundings (Brock et al. 2004).  These 
surveys also provide useful data in the study of fish assemblages and reef ecological 
structure and function (Friedlander and Parrish 1998). 
 
Biscayne National Park  
 
Biscayne National Park is located at the southeast tip of the Florida peninsula (24 
º25’ N, 80 º15’ W), and received National Park status in 1980.  The park’s southern 
boundary extends from the mainland to a point 9 km south of Pacific Reef and the 
northern boundary extends from the mainland to a point 6 km north of Fowey Rocks (Fig. 
4).  The park’s eastern boundary follows the 18 m depth contour along the seaward 
margin of the reef tract (Hudson et al. 1994). 
Approximately 4000 patch reefs are located between Fowey Rocks and Broad 
Creek (Marszalek et al. 1977).  “Patch reef” refers to localized, elevated accumulations of 
corals, octocorals and associated benthos (Ginsburg et al. 2001). Prominent patch reef 
morphology includes linear and dome-shaped reefs (Ginsburg et al. 2001).  Linear-type 
patch reefs, which are usually found seaward of dome-type reefs, are linear in plain view 
and are oriented end to end in single or multiple rows, exhibiting an orientation similar to 
the outer bank reefs (Marszalek et al. 1977).  Dome-type patch reefs range in size from a 
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few meters to several hundred meters in diameter, are roughly circular or elliptical in 
plain view and are generally less than five meters in height, though some exhibit as much 
as nine meters in vertical relief.  This reef type usually occurs in clusters and supports a 
varied assemblage of stony corals, octocorals, sponges and algae (Marszalek et al. 1977).  
Dome-type reefs vary in both height above the sea-floor and substrate type, and are found 
at varying distances from shore (Marszalek et al. 1977).  The density of patch reefs 
within Biscayne National Park and their location in relatively clear water make this area 
well suited to this study.  
 
 
 
 
Figure 4. Landsat image annotated to show the location of the study area within Biscayne 
    Biscayne National Park, south Florida, USA. 
Anniversary reef 
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Objectives 
 
The specific objectives of this study are 1) to evaluate the capability of ATRIS to 
capture ecologically significant underwater data over shallow-water patch reefs by 
comparing ATRIS image transects with diver-acquired video and 2) to utilize the data 
acquired by ATRIS to groundtruth topographic rugosity data acquired with the EAARL 
airborne laser mapping system.  
 10
 
 
 
 
2. METHODS 
 
Study Sites 
  
This study utilized data collected over five patch reefs in Biscayne National Park.  
The patch reefs included in this study were dome-type reefs that ranged in diameter from 
45 m to 60 m, demonstrated comparable benthic distributions, depth and distance from 
shore.  Reef benthos visually comprised of > 40% octocorals, ≤ 55% bare or sand-
covered hard ground and < 5% stony corals and sponges.  These sites were located just 
seaward of Anniversary reef (Fig. 5) and were characterized by reef slopes visually 
estimated as < 80º.   
 
Transects 
 
 Predefined northeast and southwest oriented transect lines were overlaid on base-
maps for survey purposes (Fig. 6).   These base-maps were created from EAARL data to 
display benthic rugosity at each site.  These maps were georectified and stored as TIFF 
images.   Transect lines were oriented over variations in reef benthos as indicated by the 
base-map for each site to ensure that digital image transects represented the benthic 
variation present at each reef site.  
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Figure  5. Composite image showing the abundance of small patch reefs near the study  
                area in Biscayne National Park, created using data acquired using the EAARL 
                system; Patch reefs included in this study are noted by arrows. 
Anniversary reef 
1 km
 12
 
 
  
 
 
ATRIS Data Acquisition 
 
ATRIS data were collected at five reef sites within Biscayne National Park on 
October 21st and 22nd, 2004 (Fig. 5).  Digital  underwater images were collected with a 
Nikon D1x 5.3 megapixel camera at the rate of one image every two seconds with an AF-
S 18-70 mm f: 3.5 - 4.5 Nikkor lens.  The focal length was set to 46 mm, providing a 
vertical Field of View (FOV) of 19.2º and horizontal FOV of 28.9º.  Image resolution 
was 3008 x 1960, with JPEG “normal compression”, resulting in an image-file size of 1.5 
megabytes.    Camera settings were selected to optimize image quality.   
The acoustic-sounder display was monitored to provide guidance in adjusting the 
camera-pole height.  Image range was maintained at 1.5 m above the reef surface where 
possible, generating images with consistent spatial resolution.   A 7.9 m Coastal Runner 
2690 vessel was used and vessel speed was maintained at 0.7 m/s.  This vessel speed, 
combined with the digital image acquisition rate and Nikon lens’ field of view provided 
minimal image overlap. 
Figure 6. Planned transects (tan lines) and actual vessel tracks (black lines) plotted on  
               a rugosity base map of an individual patch reef; the map was created from  
               EAARL-acquired data. 
Pre-planned transect lines in tan
Executed vessel lines in black 
20 m
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Depth soundings from the acoustic sounder were wired directly into HYPACK® 
navigation software, and supplied image-range data at a rate of approximately 10 per 
second.   
 
Diver-acquired Data 
 
During ATRIS data collection, a Scuba diver was towed by the survey vessel to 
allow Hi-8 video data to be collected coincidentally over the pre-planned transects (Table 
1).  A conventional Sony DCR-VX1000 video camera recorder was utilized and housed 
in a commercial Ikelite® underwater housing.  The survey vessel was oriented to each 
transect prior to diver descent and initiation of data collection. The diver utilized a pre-
measured, nadir-oriented PVC pipe to maintain the desired range of 40 cm from the reef 
surface, capturing an image with an area of approximately 40 cm².  No artificial lights 
were used. 
 
 
 Reef ID Coordinates of reef 
center (latitude, 
longitude) 
No. of vessel-acquired 
digital images captured 
Seconds of 
diver video  
captured 
No. of still frames 
pulled from diver 
video 
Reef 1 e584724_n2809202 224 458 222 
Reef 2 e584403_n2808689 101 323 154 
Reef 3 e584252_n2808118 397 161 223 
Reef 4 e584480_n2809116 131 105 248 
Reef 5 e584368_n2808892 124 310 285 
 
 
Image Post-processing  
 
 ATRIS-acquired image sets were subsampled to represent vessel transit over each 
patch reef.  Images containing seagrass beds that were photographed during vessel transit 
to various sites were not utilized.  Fifty random points were overlaid on each ATRIS 
image for classification purposes using PointCount99 for Coral Reefs © (Fig. 7).  
Table 1. Summary of data collected with ATRIS and by a Scuba diver. 
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Coral-reef benthos were classified to species level where possible.  Broader categories, 
including boulder, plate and branching coral, were utilized when species identification 
was not possible.   
Other categories included octocoral, sponge, macroalgae, substrate and seagrass.  
Ambiguous or blurry substrate points that could not be identified were categorized as 
“unidentifiable”.  Due to variations in camera to reef-surface range, image overlap varied 
from 0 to approximately 5%.  The spreadsheets produced by the PointCount99 © 
software contained frequency counts of the benthic categories that were classified in each 
image.   
Diver-acquired video transects were converted to still frames with an 8% overlap 
using RavenView© software located at the Florida Wildlife Research Institute (FWRI).   
Image transects represented vessel transit across each patch reef.  Fifteen random points 
were overlaid on each image for image classification using PointCount99 ©.  
 
 
 
 
 
 
 
 
 
 
 
 
 
Benthic Categoryification and Calculation of Percent Cover 
 
 
 
Figure  7. Screen capture of the PointCount99© setup illustrating the analysis of an 
image acquired using ATRIS 
  
 
Figure 7. Screen capture of the PointCount99© user interface illustrating the  
               analysis of an image acquired using ATRIS. 
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Benthic Classification and Calculation of Percent Cover 
 
The vessel speed and chosen image size allowed data points from ATRIS-
acquired images to be classified to species level in some instances.  This was not the case 
with the diver-acquired images.  The smaller range of the diver-acquired images to the 
reef surface resulted in blurring, as the transit speed was too great for the camera system 
being utilized.  To make the comparison of the two data sets possible, the finer ATRIS 
categories were incorporated into the broader categories identifiable in the diver-acquired 
data set (Table 2). The “substrate” category included in the table indicates areas of bare 
hard-ground, sand or rubble present on the reef.   Reef-benthos category percentages 
were calculated for each data-acquisition method.   
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Original ATRIS Categories Reclassified ATRIS Categories Original Diver Categories 
Acropora cervicornis                     Branching coral Branching coral 
Millepora alcicornis                         
Porites porites                                  
Boulder  coral                                 Boulder coral Boulder coral 
Diploria strigosa                              
Montastraea cavernosa                    
Siderastrea radians                          
Plate coral                                       Plate coral Plate coral 
Porites astreoides                             
Octocorallia                                   Octocoral Octocoral 
Porifera  Sponge Sponge 
Substrate                                         Substrate                                          Substrate                                     
Macroalgae                                 Macroalgae                                        Macroalgae                                 
Seagrass                                    Seagrass Seagrass 
Zoanthids Zoanthids Zoanthids 
Fish                                           Other Other 
Image margin                                    
Unidentifiable Unidentifiable Unidentifiable 
 
 
EAARL Data Acquisition 
 
 An EAARL mission was flown from August 2nd to 9th 2002 to collect a broad 
swath of high resolution data of the northern Florida reef tract.  Approximately 70 GB of 
data were collected during the survey which encompassed our study site within Biscayne 
National Park.    The data were processed by the US Geological Survey (USGS) remote-
sensing team to produce a digital elevation model of subsurface topography.  Rugosity 
index values were generated for the survey coordinates by team leader Dr. John Brock, 
by dividing the actual surface area by the theoretical surface area of a horizontal flat 
plane covering the same spatial extent [surface area of topography within kernel) / 
Table 2. Original and reclassified benthic categories identified for ATRIS and 
              diver-acquired images. 
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(surface area of the kernel * kernel) for a 2 m kernel].  A kernel refers to the size of the 
area box that slides over each point of the EAARL digital elevation map to execute the 
calculation.  
 
 
Statistical Analyses 
 
 Image data sets from the two survey methods did not meet the assumptions for 
parametric tests.  A Kolmogorov-Smirnov Goodness-of-fit test was performed using 
Microsoft Excel© software, to determine if benthic category representation differed 
significantly in the image transects captured by the ATRIS and Scuba diver methods 
(Sokal and Rohlf 1973).  Linear regression analysis (Sokal and Rohlf 1973) using 
Microsoft Excel© software was used to determine if benthic cover and reef depth were 
correlated with rugosity.  A probability of < 0.05 was considered reason to reject the null 
hypothesis of no significant difference between test cases. 
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3. RESULTS 
 
Percent Cover of Benthic Categories 
 
All five sites demonstrated similar distributions in benthic cover (Fig. 8 to 12).  
The most common benthic types were substrate, macroalgae, octocoral, and 
unidentifiable.  All other categories individually averaged less than 5% cover in both data 
sets (Fig. 13).  Overall, the diver-acquired data set displayed a higher proportion of 
“unidentifiable” points than the ATRIS data set due to the poor visual resolution of the 
diver-acquired data set.  
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Figure 8. Comparison of percent-cover data for all benthic categories, collected  
               using ATRIS and diver-acquired images, for Reef 1. 
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Figure 9. Comparison of percent-cover data for all benthic categories, collected 
   using ATRIS and diver-acquired images, for Reef 2. 
Figure 10. Comparison of percent-cover data for all benthic categories, collected 
                 using ATRIS and diver-acquired images, for Reef 3. 
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Figure 11. Comparison of percent-cover data for all benthic categories, collected   
                 using ATRIS and diver-acquired images, for Reef 4. 
Figure 12. Comparison of percent-cover data for all benthic categories, collected   
                 using ATRIS and diver-acquired images, for Reef 5. 
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Mean percent-cover values for the two camera methods (Fig. 13) were combined 
and new averages were calculated for each benthic category.  Figure 14 displays these 
values, as they correspond to the lower (25%), mean (50%) and upper (75%) quartiles for 
each category.  The benthic categories responsible for the majority of the variability 
displayed in Table 5 are macroalgae, unidentifiable, octocoral and substrate.   
 
 
 
 
 
 
 
Figure 13. Comparison of mean percent-cover data for all benthic categories,  
                 collected using ATRIS and diver-acquired images, for all reefs;  
                 standard error bars are shown. 
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Comparison of ATRIS and Diver-acquisition Methods 
 
Figure 15 displays the ratio of diver-acquired to ATRIS benthic cover data.  A 
ratio of 1 indicates complete agreement in benthic cover between the two methods.  
Boulder coral, macroalgae and seagrass categories were under-represented in the diver-
acquired data set with means of 0.65, 0.39 and 0.42 respectively.  The higher resolution 
ATRIS data set allowed the classification of more points into their applicable categories.  
The “other” and “unidentifiable” categories were substantially overrepresented in the 
diver-acquired data set, with means of 2.82 and 3.34 respectively.   
 
Figure 14. Lower, mean and upper quartile benthic category distributions            
      for ATRIS and diver-acquired data sets combined. 
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Table 3 displays the results of the Kolmogorov-Smirnov Goodness-of-fit test.   
D (the maximum unsigned difference between the ATRIS and diver-acquired data sets), 
is significant at all reef sites.  This indicates that the image data captured by the two 
survey methods was significantly different at all five reef sites.   
 
 
 
 
Reef site D 0.05 D 
Reef 1 0.037 0.17* 
Reef 2 0.035 0.21* 
Reef 3 0.047 0.13* 
Reef 4 0.040 0.19* 
Reef 5 0.036 0.09* 
 
Figure 15. Ratios of diver-acquired data to ATRIS data for each benthic category,  
                 averaged over the five reefs. 
Table 3. Summarized results of the Kolmogorov-Smirnov Goodness-of-fit test  
              comparing the maximum differences between the ATRIS and diver- 
              acquired data sets; significant differences noted by asterisk (*). 
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Relationship between Benthic Category, Depth and Rugosity Index 
 
Navigation data were only collected for four of the five reefs as a consequence of 
a field error.  Regression analyses were used to investigate the relationship between 
benthic category (Table 4), depth (Table 5), and the corresponding rugosity indices for 
those coordinates at four reef sites.  The substrate and unidentifiable benthic categories 
correlated significantly to their corresponding rugosity values.  Substrate frequencies 
were negatively correlated to rugosity (Fig. 16) whereas “unidentifiable” frequencies 
were positively correlated to rugosity (Fig. 17).  Depth was significantly correlated to 
rugosity for 3 of the 4 reef sites (Fig. 18 to 21).  
 
 
 
 
Benthic category 
 
n Slope p-value Intercept p-value F Value r2 
Branching coral 41 1.092 
 
0.897 
 
0.853 
 
0.923 0.0170 0.0004 
Boulder coral 94 
 
4.109 
 
0.479 
 
-2.123 0.734 
 
0.506 
 
0.005 
Plate coral 27 
 
4.007 
 
0.417 -2.679 
 
0.610 
 
0.680 
 
0.026 
Octocoral 280 
 
-8.979 
 
0.222 20.995 
 
0.008 
 
1.498 0.005 
Sponge 37 
 
2.420 0.170 
 
-1.296 
 
0.489 1.960 
 
0.053 
Substrate 310 
 
-24.865 
 
0.017* 
 
51.463 
 
5.31E-06 
 
5.779 0.018 
Macroalgae 277 
 
7.645 
 
0.227 1.543 
 
0.820 1.469 0.005 
Seagrass 22 
 
-25.198 
 
0.396 
 
35 0.263 
 
0.752 
 
0.036 
Other 138 
 
1.454 
 
0.623 
 
-0.0233 
 
0.994 0.242 0.002 
Unidentifiable 247 
 
86.815 
 
1.97E-08* 
 
-83.724 
 
5.15E-07 
 
33.713 
 
0.121 
Zoanthids 
 
20 
 
2.005 
 
0.605 
 
-0.783 
 
0.849 
 
0.277 
 
0.0152 
 
 
 
Table 4. Results of linear regressions of point-count data for each benthic category and  
              each image, compared with the rugosity index for the GPS coordinates of each  
              image; significant correlations (p ≤ 0.05) noted by asterisk (*). 
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Reef  
 
n Slope p-value Intercept p-value r2 
Reef 1 472 
 
0.803 
 
0.381 
 
5.094 
 
5.14E-07 
 
0.00164 
Reef 2 463 
 
8.897 
 
3.22E-14* 
 
-4.598 
 
0.000148 
 
0.118 
Reef 3 229 
 
3.501 
 
0.000582* 
 
1.467 
 
0.175 
 
0.0510 
Reef 4 329 
 
7.001 
 
4.43E-06* 
 
-2.518 
 
0.121 
 
0.0625 
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Table 5. Results of linear regressions of water depths recorded during the ATRIS  
              surveys over each of four reefs, against the rugosity indices for those GPS  
              coordinates; significant correlations (p ≤ 0.05) noted by asterisk (*). 
Figure 16. The frequency (maximum frequency = 50/image) of points classified as 
                 “substrate” identified for each image, plotted against the rugosity  
                 indices for the GPS coordinates of each image. 
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Figure 17. The frequency (maximum frequency = 50/image) of points classified as  
                 “unidentifiable” identified for each image, plotted against the rugosity  
                 indices for the GPS coordinates of each image.
Figure 18. Water depths recorded during the ATRIS surveys of two transects over  
                 Reef 1, plotted against the rugosity indices for the GPS coordinates of  
                 those depths; there is no significant correlation between the data sets. 
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Figure 19. Water depths recorded during the ATRIS surveys of two transects over  
                 Reef 2, plotted against the rugosity indices for the GPS coordinates of those 
                 depths (r2 = 0.118). 
Figure 20. Water depths recorded during the ATRIS surveys of two transects over  
                  Reef 3, plotted against the rugosity indices for the GPS coordinates of  
                  those depths (r2 = 0.051). 
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Figure 21. Water depths recorded during the ATRIS surveys of two transects over  
                 Reef 4, plotted against the rugosity indices for the GPS coordinates of those 
                 depths (r2 = 0.063). 
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3. DISCUSSION 
 
As coral cover on reef environments continues to decline, there is a strong need 
for large scale, periodic assessment of benthic composition (Aronson et al. 1994).  
Collection of photographic data provides reef researchers with a permanent, archivable 
record with which to estimate coral diversity and percent cover of corals, algae, sponges, 
and other sessile plants and animals (Rogers et al. 2002, Japp and McField 2001).  
Photographic surveys can be executed with diver-acquired digital video (traditional) or 
with vessel-oriented methods using either digital or video camera equipment.  
Surveys conducted by Scuba divers require time and well trained manpower, 
creating a need for an alternative method (Green et al. 1996, Riegl et al. 2001).  Diver 
surveys are limited by air supply, diver bottom time, and the skill of the diver-
videographer to maintain a constant distance from the reef surface.  On the plus side, 
diver surveys have less potential for habitat damage and are not as limited by depth as 
vessel-mounted camera systems.  Diver-collected video is labeled with a time tag, but 
other relevant field data must be hand recorded.  The digital video data must be run 
through expensive frame-pulling software before the image analysis can begin.  
However, once this is complete, the small image sizes can be easily handled by most 
computer systems. 
Data collection with the ATRIS shipboard system has many advantages.  System 
incorporation of an onboard GPS allows the images to be tagged with GPS coordinates 
and accurately recalled by location.  The integration of this coordinate data in a header 
embedded in each image makes it possible to accurately and efficiently select a subset of 
images for use in a GIS platform.  The GPS referencing of image files is also useful when 
seeking locations for more detailed study and in the development of a timeline series.  
This capability becomes especially useful when conducting small scale ecosystem 
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studies, as it is possible to relate each image to a GPS position and reef depth.  Depth 
readings can be used to produce a depth profile of the surveyed area and to facilitate the 
calculation of the benthic cover for each image.   
The ATRIS deployment methods and larger image footprint allow large data sets 
to be gathered relatively quickly, with minimal effort, in clear, relatively shallow-water 
conditions.  The capture of digital stills (as opposed to video) decreases the processing 
required before images can be analyzed.  Unfortunately, vessel outfitting must currently 
be done near an engineering shed prior to departure for the field, as vessel measurements 
are required to secure the camera mount  to the vessel.  Rapid response to sudden reef 
change may only occur if a previously outfitted vessel is in the area.  If certain system 
malfunctions occur, such as damage to the motor responsible for the pole motion and 
fittings or to the underwater housing, field work must be postponed until repairs are 
completed.  The reliance on a motor to control pole depth also increases the possibility of 
damaging reef habitat and the camera housing.  A summary of system comparisons can 
be found in Table 6. 
 
 
 
Characteristic ATRIS Diver System 
Labor Intensive Less More 
Time Efficient More Less 
Accurate image referencing via GPS Integral Not integral 
Preprocessing required before image analysis Less More 
Acquisition of depth profile of surveyed area Integral Not integral 
Image bottom coverage  More Less 
Use in large-scale monitoring More Less 
Use in fine-scale monitoring High potential Current use 
Operational depth limitations < 10 m < 30 m, diving at greater 
depths require further 
technical support and 
certification 
Likelihood of substrate damage during survey Some Minimal 
Requirements for rapid response Limited to presence 
of outfitted vessel 
Trained videographer 
Image resolution 3008 x 1960 680 x 420 
 
 
 
Table 6. Comparisons of relative advantages and disadvantages of image-data  
              acquisition using ATRIS and diver-acquired video. 
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Comparison of ATRIS and Diver-acquisition Methods 
 
Benthic category representation was found to be significantly different between 
the two survey methods at all 5 reef sites.  The two camera systems varied in image 
resolution, image range and spatial coverage.  ATRIS had a higher image resolution, 
larger spatial size per image and greater distance from the reef.  The survey speed of 0.7 
m/s resulted in good ATRIS image quality and poor diver-acquired image quality.  Diver-
acquired image quality and the ability to categorize benthos to species level would have 
been improved had the diver transit speed been reduced to ~ 0.033 m/s (Rogers et al. 
2002). 
 
Benthic Category and Rugosity Index 
 
 This section of the study sought to determine the degree to which benthic 
categories were correlated to rugosity values.  The “substrate” and “unidentifiable” 
categories weakly correlated with rugosity.  
The negative correlation found between “substrate” frequency and rugosity, may 
be an indicator of reef decline.  High “substrate” frequencies present on the reef crests at 
my study sites were paralleled by very low stony coral cover < 5%.  These areas have 
experienced a loss in three-dimensional reef habitat and demonstrate correspondingly low 
rugosity values.     
Palandro et al. (2003) utilized Landsat imagery in their analysis of decadal-scale 
changes in benthic categories at Carysfort reef, and reported that the decline in coral 
cover through time was directly paralleled by an increase in “substrate”.  My 
observations of coral cover are similar to the value of 4% reported by Palandro et al. 
(2003) for Carysfort reef at the end of their study period and that of 6.6%, recorded 
within the Florida Keys National Marine Sanctuary by CREMP in 2004 (CREMP 
Executive Summary 2004).   
As the Palandro et al. (2003) study shows, coral cover on Floridia reefs have 
declined dramatically over the past several decades.  Thus, the relationship between 
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“substrate” frequencies and rugosity values demonstrated in my study may indicate areas 
that are experiencing, or have experienced, a loss in structural complexity.  
The positive correlation found between depth and rugosity at three of the four reef 
sites was unexpected, as I assumed that reef-structural complexity would diminish with 
increasing depth.  However, the following factors may explain why my original 
assumption was in error.   
The first factor is that the surveyed depth range was relatively shallow, with a 
maximum depth of ~ 9 m.  Thus, all depths within the survey area were well within the 
range suitable for reef growth (Hallock and Schlager 1986).  For the reefs surveyed, the 
potential for reef growth would not be expected to decline with depth.   
Secondly, the surveyed patch reefs were surrounded by narrow sand halos and 
seagrass beds.  The seagrass habitats exhibited low rugosity values and occurred at depths 
of ~ 7.5 m.  However, images of the seagrass beds were removed from analysis because 
the target survey habitats were the patch reefs.  Typically, the reef margins rose abruptly 
from the surrounding seagrass, so some of the highest rugosity values were found at the 
reef margins, where the depth can shoal abruptly from ~ 9 m to as little as 2 m over a 
linear distance of a few meters.  My reef sites exhibited little topographic variation on the 
tops of the patch reefs, while the most abrupt changes in topography, i.e., the highest 
rugosity, occurred at the reef margins, which were also adjacent to the deepest water.         
 Despite the lack of relationship between benthic categories, most notably coral 
cover, and rugosity, EAARL data can provide an invaluable resource for mapping patch 
reef location and distribution, such as that within Biscayne National Park (see Fig. 5).  
Although coral cover currently constitutes a small percentage of patch reef benthos, the 
three-dimensional structure produced by former coral colonies continues to provide 
essential substrate for the attachment of octocorals, sponges and macroalgae.  The 
topography provided by the limestone and octocorals provide essential habitat and shelter 
for fish and invertebrates, while the macroalgae provide a food source.  Moreover, the 
topography of the patch reefs, and associated invertebrates and fish, still serve as 
appealing snorkeling and diving sites for visitors to Biscayne National Park.   
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Thus, while my study did not demonstrate that EAARL-acquired rugosity data 
can be used to predict coral cover, EAARL data are extremely useful in detailed mapping 
and quantification of the occurrence of patch reef habitat.  
 The ATRIS system provides an efficient way to survey large areas of shallow-
water benthic habitats (< 3 m) like seagrass beds, and record physical disturbance to 
habitats from hurricanes and ship groundings.  The system also provides a cost-effective 
method to survey extensive ride tide and black-water events, and to groundtruth data 
captured with remote-sensing techniques, as an area of ~ 3.5 km2 can be surveyed during 
a 5 hour field trip.  Also, the differentiation of small-scale patterns in coral communities 
is possible with vessel-acquired imagery (Riegl et al. 2001). 
Thus, as coral communities continue to decline, systems such as ATRIS will 
become more useful in the documentation of benthic resources at broader scales such as 
coral cover versus algal dominance, coral disease detection, occurrence and extent of 
bleaching events, and reef habitat change due to physical damage. 
Diver surveys will continue to be needed to execute fine-scale monitoring and 
identification to species level at depths of 30 m or greater, as ATRIS is limited to depths 
of < 10 m or less.  Remotely operated or autonomous vehicles equipped with video or 
digital cameras may also prove useful for deeper-water surveys.    
EAARL and ATRIS systems can provide effective tools for the assessment and 
subsequent management of shallow-water coral reef resources and in determining the 
condition of benthic habitats.  Each system provides a different scale and resolution of 
information and data acquired using these systems will provide an invaluable baseline 
against which to compare future surveys, to assess the ability of reef systems to continue 
to provide essential habitat, or document their decline by physical and biological 
processes. 
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5. CONCLUSIONS 
 
     1.  Comparison of benthic data from ATRIS and diver-acquired video yielded 
significant differences in benthic categories, especially the “unidentifiable” 
category.  This was likely an artifact of towing the diver too fast, preventing 
acquisition of an optimal data set. 
 
2. Stony coral cover did not correlate with rugosity, whereas the “substrate” and 
“unidentifiable” categories weakly but significantly correlated with reef rugosity. 
 
3. Depth positively correlated with rugosity on 3 of the 4 reef sites.   
 
4. Lack of significant correlation between stony coral cover and rugosity was likely 
the result of very low coral cover (< 5%) as a consequence of decline in coral 
cover in recent decades.  
 
5. ATRIS, diver-acquired data, and EAARL provide different scales of information; 
all can be valuable tools for assessing and managing coral reefs. 
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Diver data Reef 1 Reef 2 Reef 3 Reef 4 Reef 5 
Benthic 
category Transect 1 Transect 2 Transect 1 Transect 2 Transect 1 Transect 2 Transect 1 Transect 2 Transect 1 Transect 2 
Acropora 
cervicornis        0 0 0 0 2 0 0 0 0 0 
Boulder             7 10 24 3 6 1 2 18 7 4 
Branching         4 0 0 0 0 0 0 6 3 2 
Unidentifiable 311 366 231 323 213 48 90 515 207 68 
Water column 0 0 0 0 3 0 0 0 0 0 
Macroalgae       104 32 27 62 43 34 12 17 56 118 
Millepora 
alcicornis          0 0 0 0 0 0 0 0 2 0 
Millepora 
complanata       0 0 1 0 0 0 0 0 0 0 
Octocorallia      140 154 127 137 118 25 181 419 260 209 
Plate                  1 0 0 0 0 0 0 1 11 9 
Porifera             4 2 1 0 0 1 0 0 13 1 
Porites porites   0 0 0 0 4 0 0 0 0 0 
Housing 
portal 17 5 21 12 10 7 4 16 16 4 
Seagrass            0 2 7 2 0 10 0 9 7 0 
Pvc pipe 1 0 0 1 0 1 0 2 3 0 
Substrate           251 253 776 374 636 68 101 467 495 245 
Zoanthidea        0 0 0 0 0 0 0 0 0 0 
Total 840 824 1215 914 1035 195 390 1470 1080 660 
 
 
 
 
 
 
Appendix I. Diver-acquired benthic category frequencies for each transect on each of the five reef sites. 
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ATRIS data Reef 1 Reef 2 Reef 3 Reef 4 Reef 5 
Benthic 
category Transect 1 Transect 2 Transect 1 Transect 2 Transect 1 Transect 2 Transect 1 Transect 2 Transect 1 Transect 2 
Acropora 
cervicornis        0 0 6 11 5 0 0 0 0 0 
Boulder             12 57 6 4 2 1 4 21 23 21 
Image margin 32 16 46 13 12 8 19 40 49 31 
Diploria 
strigosa             1 0 0 0 1 2 0 5 8 4 
Unidentifiable 800 751 106 167 97 152 196 241 128 219 
Fish 2 2 1 1 0 1 0 0 2 2 
Macroalgae       599 259 520 346 353 264 197 170 662 334 
Millepora 
alcicornis          4 5 16 9 0 2 3 10 32 8 
Montastraea 
cavernosa          12 6 13 6 5 12 30 0 49 1 
Octocorallia      594 499 582 426 173 179 390 416 1149 880 
Plate                  2 2 0 1 0 0 1 12 6 1 
Porifera             12 2 9 0 3 10 3 9 15 9 
Porites 
astreoides          4 1 13 0 1 1 1 5 28 6 
Porites porites   0 0 4 0 0 0 2 5 2 0 
Seagrass            0 58 41 14 22 23 0 33 43 0 
Siderastrea 
radians              4 0 8 3 0 0 0 1 1 0 
Substrate           1121 1462 1521 937 675 595 538 882 2062 1141 
Zoanthidea        1 0 8 12 1 0 6 0 40 36 
Total 3200 3120 2900 1950 1350 1250 1390 1850 4299 2693 
 
Appendix II. ATRIS-acquired benthic category frequencies for each transect on each of the five reef sites. 
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Benthic class N mean stdev cv P25 P50 P97_5 
Plate coral 20 0.18 0.38 207.20 0.00 0.04 1.36 
Zoanthids 20 0.19 0.37 200.76 0.00 0.00 1.34 
Sponge 20 0.29 0.31 104.95 0.03 0.23 1.20 
Branching coral 20 0.37 0.32 87.37 0.10 0.33 1.03 
Seagrass 20 0.88 1.22 137.60 0.00 0.59 5.13 
Boulder coral 20 1.17 0.67 57.37 0.63 1.11 2.54 
Other 20 1.37 0.80 58.48 0.81 1.22 4.10 
Macroalgae 20 11.78 7.24 61.49 4.67 12.39 26.25 
Unidentifiable 20 19.38 11.80 60.88 9.46 19.09 44.42 
Octocoral 20 21.47 8.93 41.60 14.65 19.40 46.41 
Substrate 20 42.98 10.17 23.67 34.95 44.10 63.87 
 
 
Appendix III. Data utilized to create lower, mean and upper quartile benthic category distributions for ATRIS and 
                      diver-acquired data sets combined; figure 14. 
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Reef Transect Rugosity index Benthic category Frequency Depth (m) 
1 1 1.05 Substrate 50 8.22 
1 1 1.03 Substrate 48 8.48 
1 1 1.04 Substrate 41 8.33 
1 1 1.05 Substrate 33 8.26 
1 1 1.08 Substrate 38 7.98 
1 1 1.08 Substrate 38 7.98 
1 1 1.20 Substrate 22 7.12 
1 1 1.14 Substrate 18 6.94 
1 1 1.09 Substrate 18 7.04 
1 1 1.11 Substrate 14 6.5 
1 1 1.09 Substrate 16 6.6 
1 1 1.16 Substrate 19 6.34 
1 1 1.16 Substrate 16 6.41 
1 1 1.16 Substrate 21 6.41 
1 1 1.14 Substrate 20 6.08 
1 1 1.20 Substrate 26 5.76 
1 1 1.08 Substrate 18 5.99 
1 1 1.09 Substrate 21 5.56 
1 1 1.12 Substrate 19 5.7 
1 1 1.27 Substrate 26 6.3 
1 1 1.27 Substrate 14 6.3 
1 1 1.22 Substrate 21 5.31 
1 1 1.22 Substrate 12 5.31 
1 1 1.07 Substrate 17 5.44 
1 1 1.12 Substrate 23 5.28 
1 1 1.12 Substrate 16 5.28 
1 1 1.07 Substrate 21 4.82 
1 1 1.07 Substrate 9 4.89 
1 1 1.04 Substrate 6 4.53 
1 1 1.04 Substrate 15 4.34 
1 1 1.05 Substrate 22 4.54 
1 1 1.18 Substrate 13 4.6 
1 1 1.10 Substrate 24 3.96 
1 1 1.02 Substrate 18 4.09 
1 1 1.02 Substrate 18 4.09 
1 1 1.04 Substrate 21 4.22 
1 1 1.06 Substrate 15 3.88 
1 1 1.07 Substrate 14 3.82 
1 1 1.03 Substrate 15 4.09 
1 1 1.06 Substrate 17 4.23 
1 1 1.06 Substrate 20 4.18 
1 1 1.18 Substrate 14 5.36 
Appendix IV. Raw data used for regression analysis of benthic category and depth      
                       versus rugosity indices.     
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Reef  Transect  Rugosity index Benthic category Frequency Depth (m) 
1 1 1.09 Substrate 10 5.58 
1 1 1.10 Substrate 14 5.92 
1 1 1.16 Substrate 23 6.01 
1 1 1.17 Substrate 17 6.63 
1 1 1.11 Substrate 20 7.22 
1 1 1.11 Substrate 17 6.84 
1 1 1.02 Substrate 34 8.73 
1 1 1.06 Substrate 50 8.89 
1 1 1.03 Substrate 50 8.72 
1 1 1.03 Macroalgae 2 8.48 
1 1 1.04 Macroalgae 8 8.33 
1 1 1.05 Macroalgae 1 8.26 
1 1 1.08 Macroalgae 1 7.98 
1 1 1.08 Macroalgae 5 7.98 
1 1 1.20 Macroalgae 18 7.12 
1 1 1.14 Macroalgae 28 6.94 
1 1 1.09 Macroalgae 17 7.04 
1 1 1.11 Macroalgae 17 6.5 
1 1 1.09 Macroalgae 13 6.6 
1 1 1.16 Macroalgae 12 6.34 
1 1 1.16 Macroalgae 21 6.41 
1 1 1.16 Macroalgae 8 6.41 
1 1 1.14 Macroalgae 15 6.08 
1 1 1.20 Macroalgae 7 5.76 
1 1 1.08 Macroalgae 16 5.99 
1 1 1.09 Macroalgae 12 5.56 
1 1 1.12 Macroalgae 8 5.7 
1 1 1.27 Macroalgae 5 6.3 
1 1 1.27 Macroalgae 9 6.3 
1 1 1.22 Macroalgae 8 5.31 
1 1 1.22 Macroalgae 17 5.31 
1 1 1.07 Macroalgae 10 5.44 
1 1 1.12 Macroalgae 9 5.28 
1 1 1.12 Macroalgae 16 5.28 
1 1 1.07 Macroalgae 15 4.82 
1 1 1.07 Macroalgae 24 4.89 
1 1 1.04 Macroalgae 23 4.53 
1 1 1.04 Macroalgae 17 4.34 
1 1 1.05 Macroalgae 16 4.54 
1 1 1.18 Macroalgae 15 4.6 
1 1 1.10 Macroalgae 8 3.96 
1 1 1.02 Macroalgae 9 4.09 
Appendix IV. Raw data used for regression analysis (continued) 
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Reef  Transect  Rugosity index Benthic category Frequency Depth (m) 
1 1 1.02 Macroalgae 16 4.09 
1 1 1.04 Macroalgae 21 4.22 
1 1 1.06 Macroalgae 10 3.88 
1 1 1.07 Macroalgae 7 3.82 
1 1 1.03 Macroalgae 12 4.09 
1 1 1.06 Macroalgae 16 4.23 
1 1 1.06 Macroalgae 12 4.18 
1 1 1.18 Macroalgae 12 5.36 
1 1 1.09 Macroalgae 11 5.58 
1 1 1.10 Macroalgae 12 5.92 
1 1 1.16 Macroalgae 8 6.01 
1 1 1.17 Macroalgae 18 6.63 
1 1 1.11 Macroalgae 10 7.22 
1 1 1.11 Macroalgae 19 6.84 
1 1 1.04 Octocoral 1 8.33 
1 1 1.05 Octocoral 2 8.26 
1 1 1.08 Octocoral 1 7.98 
1 1 1.14 Octocoral 2 6.94 
1 1 1.09 Octocoral 8 7.04 
1 1 1.11 Octocoral 6 6.5 
1 1 1.09 Octocoral 9 6.6 
1 1 1.16 Octocoral 7 6.34 
1 1 1.16 Octocoral 8 6.41 
1 1 1.16 Octocoral 19 6.41 
1 1 1.14 Octocoral 8 6.08 
1 1 1.20 Octocoral 11 5.76 
1 1 1.08 Octocoral 12 5.99 
1 1 1.09 Octocoral 13 5.56 
1 1 1.12 Octocoral 17 5.7 
1 1 1.27 Octocoral 13 6.3 
1 1 1.27 Octocoral 23 6.3 
1 1 1.22 Octocoral 14 5.31 
1 1 1.22 Octocoral 15 5.31 
1 1 1.07 Octocoral 21 5.44 
1 1 1.12 Octocoral 11 5.28 
1 1 1.12 Octocoral 16 5.28 
1 1 1.07 Octocoral 10 4.82 
1 1 1.07 Octocoral 17 4.89 
1 1 1.04 Octocoral 21 4.53 
1 1 1.04 Octocoral 16 4.34 
1 1 1.05 Octocoral 12 4.54 
1 1 1.18 Octocoral 14 4.6 
Appendix IV. Raw data used for regression analysis (continued) 
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Reef  Transect  Rugosity index Benthic category Frequency Depth (m) 
1 1 1.10 Octocoral 15 3.96 
1 1 1.02 Octocoral 18 4.09 
1 1 1.02 Octocoral 15 4.09 
1 1 1.04 Octocoral 8 4.22 
1 1 1.06 Octocoral 22 3.88 
1 1 1.07 Octocoral 23 3.82 
1 1 1.03 Octocoral 16 4.09 
1 1 1.06 Octocoral 17 4.23 
1 1 1.06 Octocoral 14 4.18 
1 1 1.18 Octocoral 21 5.36 
1 1 1.09 Octocoral 26 5.58 
1 1 1.10 Octocoral 21 5.92 
1 1 1.16 Octocoral 14 6.01 
1 1 1.17 Octocoral 13 6.63 
1 1 1.11 Octocoral 13 7.22 
1 1 1.11 Octocoral 12 6.84 
1 1 1.05 Unidentifiable 14 8.26 
1 1 1.08 Unidentifiable 10 7.98 
1 1 1.08 Unidentifiable 6 7.98 
1 1 1.12 Unidentifiable 50 8.01 
1 1 1.12 Unidentifiable 50 8.01 
1 1 1.12 Unidentifiable 50 8.01 
1 1 1.20 Unidentifiable 50 7.46 
1 1 1.20 Unidentifiable 50 7.46 
1 1 1.20 Unidentifiable 50 7.46 
1 1 1.28 Unidentifiable 50 8.06 
1 1 1.20 Unidentifiable 8 7.12 
1 1 1.14 Unidentifiable 2 6.94 
1 1 1.14 Unidentifiable 50 6.94 
1 1 1.09 Unidentifiable 6 7.04 
1 1 1.11 Unidentifiable 8 6.5 
1 1 1.09 Unidentifiable 9 6.6 
1 1 1.16 Unidentifiable 8 6.34 
1 1 1.16 Unidentifiable 3 6.41 
1 1 1.16 Unidentifiable 2 6.41 
1 1 1.14 Unidentifiable 7 6.08 
1 1 1.20 Unidentifiable 3 5.76 
1 1 1.08 Unidentifiable 2 5.99 
1 1 1.09 Unidentifiable 4 5.56 
1 1 1.27 Unidentifiable 4 6.3 
1 1 1.27 Unidentifiable 1 6.3 
1 1 1.22 Unidentifiable 2 5.31 
Appendix IV. Raw data used for regression analysis (continued) 
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Reef  Transect  Rugosity index Benthic category Frequency Depth (m) 
1 1 1.22 Unidentifiable 2 5.31 
1 1 1.07 Unidentifiable 2 5.44 
1 1 1.12 Unidentifiable 2 5.28 
1 1 1.12 Unidentifiable 1 5.28 
1 1 1.07 Unidentifiable 2 4.82 
1 1 1.04 Unidentifiable 2 4.34 
1 1 1.02 Unidentifiable 4 4.09 
1 1 1.06 Unidentifiable 2 3.88 
1 1 1.07 Unidentifiable 5 3.82 
1 1 1.03 Unidentifiable 4 4.09 
1 1 1.18 Unidentifiable 3 5.36 
1 1 1.10 Unidentifiable 3 5.92 
1 1 1.16 Unidentifiable 1 6.01 
1 1 1.11 Unidentifiable 4 7.22 
1 1 1.11 Unidentifiable 1 6.84 
1 1 1.13 Unidentifiable 50 7.34 
1 1 1.17 Unidentifiable 50 7.8 
1 1 1.11 Unidentifiable 50 8.3 
1 1 1.11 Unidentifiable 50 8.3 
1 1 1.05 Unidentifiable 50 8.72 
1 1 1.02 Unidentifiable 16 8.73 
1 1 1.08 Other 1 7.98 
1 1 1.20 Other 2 7.12 
1 1 1.09 Other 2 7.04 
1 1 1.09 Other 1 6.6 
1 1 1.16 Other 2 6.34 
1 1 1.16 Other 1 6.41 
1 1 1.20 Other 2 5.76 
1 1 1.12 Other 2 5.7 
1 1 1.27 Other 2 6.3 
1 1 1.27 Other 1 6.3 
1 1 1.22 Other 4 5.31 
1 1 1.22 Other 3 5.31 
1 1 1.12 Other 2 5.28 
1 1 1.07 Other 1 4.82 
1 1 1.18 Other 1 4.6 
1 1 1.10 Other 1 3.96 
1 1 1.02 Other 1 4.09 
1 1 1.02 Other 1 4.09 
1 1 1.07 Other 1 3.82 
1 1 1.06 Other 1 4.18 
1 1 1.09 Other 1 5.58 
Appendix IV. Raw data used for regression analysis (continued) 
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Reef  Transect  Rugosity index Benthic category Frequency Depth (m) 
1 1 1.16 Other 1 6.01 
1 1 1.11 Other 1 6.84 
1 1 1.09 Boulder coral 1 7.04 
1 1 1.11 Boulder coral 4 6.5 
1 1 1.09 Boulder coral 2 6.6 
1 1 1.20 Boulder coral 1 5.76 
1 1 1.08 Boulder coral 2 5.99 
1 1 1.12 Boulder coral 3 5.7 
1 1 1.22 Boulder coral 1 5.31 
1 1 1.12 Boulder coral 3 5.28 
1 1 1.07 Boulder coral 1 4.82 
1 1 1.18 Boulder coral 4 4.6 
1 1 1.06 Boulder coral 3 4.18 
1 1 1.09 Boulder coral 2 5.58 
1 1 1.11 Boulder coral 3 7.22 
1 1 1.10 Branching coral 2 3.96 
1 1 1.03 Branching coral 2 4.09 
1 1 1.12 Plate coral 1 5.7 
1 1 1.27 Plate coral 2 6.3 
1 1 1.17 Plate coral 2 6.63 
1 1 1.11 Sponge 1 6.5 
1 1 1.16 Sponge 2 6.34 
1 1 1.16 Sponge 1 6.41 
1 1 1.22 Sponge 1 5.31 
1 1 1.12 Sponge 1 5.28 
1 1 1.18 Sponge 2 4.6 
1 1 1.06 Sponge 1 3.88 
1 1 1.16 Sponge 3 6.01 
1 1 1.18 Zoanthid 1 4.6 
1 2 1.06 Macroalgae 2 6.89 
1 2 1.06 Macroalgae 2 6.89 
1 2 1.01 Macroalgae 1 6.76 
1 2 1.06 Macroalgae 1 6.48 
1 2 1.04 Macroalgae 15 6.19 
1 2 1.02 Macroalgae 7 6.2 
1 2 1.02 Macroalgae 14 6.2 
1 2 1.08 Macroalgae 11 5.89 
1 2 1.06 Macroalgae 12 5.62 
1 2 1.06 Macroalgae 13 5.24 
1 2 1.06 Macroalgae 9 5.24 
1 2 1.03 Macroalgae 8 5.37 
1 2 1.03 Macroalgae 14 5.2 
Appendix IV. Raw data used for regression analysis (continued) 
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Reef  Transect  Rugosity index Benthic category Frequency Depth (m) 
1 2 1.05 Macroalgae 5 5.4 
1 2 1.03 Macroalgae 7 5.26 
1 2 1.03 Macroalgae 18 5.41 
1 2 1.04 Macroalgae 9 5.85 
1 2 1.06 Macroalgae 3 6.14 
1 2 1.09 Macroalgae 11 6.16 
1 2 1.16 Macroalgae 4 6.14 
1 2 1.16 Macroalgae 1 6.93 
1 2 1.02 Macroalgae 2 7.85 
1 2 1.02 Macroalgae 6 7.74 
1 2 1.02 Macroalgae 1 7.83 
1 2 1.04 Macroalgae 5 7.81 
1 2 1.06 Macroalgae 8 7.34 
1 2 1.12 Macroalgae 5 6.67 
1 2 1.13 Macroalgae 1 6.55 
1 2 1.05 Macroalgae 4 5.7 
1 2 1.11 Macroalgae 3 5.48 
1 2 1.09 Macroalgae 7 4.94 
1 2 1.08 Macroalgae 3 4.49 
1 2 1.07 Macroalgae 10 4.36 
1 2 1.14 Macroalgae 16 4.76 
1 2 1.08 Macroalgae 1 4.77 
1 2 1.06 Macroalgae 3 4.41 
1 2 1.08 Macroalgae 1 4.43 
1 2 1.10 Macroalgae 1 5.59 
1 2 1.05 Macroalgae 5 5.28 
1 2 1.06 Macroalgae 1 5.69 
1 2 1.10 Macroalgae 7 5.97 
1 2 1.18 Macroalgae 2 6.64 
1 2 1.06 Substrate 28 6.89 
1 2 1.06 Substrate 29 6.89 
1 2 1.01 Substrate 33 6.76 
1 2 1.01 Substrate 28 6.76 
1 2 1.06 Substrate 31 6.48 
1 2 1.03 Substrate 30 6.4 
1 2 1.04 Substrate 29 6.19 
1 2 1.02 Substrate 34 6.2 
1 2 1.02 Substrate 23 6.2 
1 2 1.08 Substrate 21 5.89 
1 2 1.06 Substrate 15 5.62 
1 2 1.06 Substrate 20 5.24 
1 2 1.06 Substrate 23 5.24 
Appendix IV. Raw data used for regression analysis (continued) 
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Reef  Transect  Rugosity index Benthic category Frequency Depth (m) 
1 2 1.03 Substrate 25 5.37 
1 2 1.03 Substrate 24 5.2 
1 2 1.05 Substrate 27 5.4 
1 2 1.03 Substrate 22 5.26 
1 2 1.03 Substrate 19 5.41 
1 2 1.04 Substrate 21 5.85 
1 2 1.06 Substrate 20 6.14 
1 2 1.09 Substrate 27 6.16 
1 2 1.16 Substrate 31 6.14 
1 2 1.16 Substrate 34 6.93 
1 2 1.01 Substrate 50 6.88 
1 2 1.01 Substrate 50 6.81 
1 2 1.05 Substrate 50 8.14 
1 2 1.02 Substrate 48 7.85 
1 2 1.02 Substrate 41 7.74 
1 2 1.02 Substrate 39 7.83 
1 2 1.04 Substrate 28 7.81 
1 2 1.06 Substrate 15 7.34 
1 2 1.12 Substrate 37 6.67 
1 2 1.13 Substrate 16 6.55 
1 2 1.05 Substrate 17 5.7 
1 2 1.11 Substrate 22 5.48 
1 2 1.09 Substrate 1 4.94 
1 2 1.08 Substrate 16 4.49 
1 2 1.07 Substrate 19 4.36 
1 2 1.14 Substrate 20 4.76 
1 2 1.08 Substrate 42 4.77 
1 2 1.06 Substrate 16 4.41 
1 2 1.08 Substrate 19 4.43 
1 2 1.10 Substrate 20 5.59 
1 2 1.05 Substrate 11 5.28 
1 2 1.06 Substrate 14 5.69 
1 2 1.10 Substrate 17 5.97 
1 2 1.18 Substrate 14 6.64 
1 2 1.05 Substrate 40 8.48 
1 2 1.07 Substrate 49 8.42 
1 2 1.06 Substrate 46 8.29 
1 2 1.02 Substrate 50 8.35 
1 2 1.01 Substrate 50 8.41 
1 2 1.06 Octocoral 1 6.89 
1 2 1.06 Octocoral 1 6.89 
1 2 1.01 Octocoral 2 6.76 
Appendix IV. Raw data used for regression analysis (continued) 
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Reef  Transect  Rugosity index Benthic category Frequency Depth (m) 
1 2 1.01 Octocoral 8 6.76 
1 2 1.06 Octocoral 6 6.48 
1 2 1.04 Octocoral 6 6.19 
1 2 1.02 Octocoral 8 6.2 
1 2 1.02 Octocoral 7 6.2 
1 2 1.08 Octocoral 15 5.89 
1 2 1.06 Octocoral 18 5.62 
1 2 1.06 Octocoral 12 5.24 
1 2 1.06 Octocoral 18 5.24 
1 2 1.03 Octocoral 12 5.37 
1 2 1.03 Octocoral 10 5.2 
1 2 1.05 Octocoral 15 5.4 
1 2 1.03 Octocoral 15 5.26 
1 2 1.03 Octocoral 10 5.41 
1 2 1.04 Octocoral 15 5.85 
1 2 1.06 Octocoral 14 6.14 
1 2 1.09 Octocoral 5 6.16 
1 2 1.16 Octocoral 5 6.14 
1 2 1.16 Octocoral 5 6.93 
1 2 1.02 Octocoral 2 7.74 
1 2 1.02 Octocoral 3 7.83 
1 2 1.04 Octocoral 3 7.81 
1 2 1.06 Octocoral 9 7.34 
1 2 1.12 Octocoral 7 6.67 
1 2 1.13 Octocoral 13 6.55 
1 2 1.05 Octocoral 15 5.7 
1 2 1.11 Octocoral 12 5.48 
1 2 1.09 Octocoral 15 4.94 
1 2 1.08 Octocoral 30 4.49 
1 2 1.07 Octocoral 6 4.36 
1 2 1.14 Octocoral 12 4.76 
1 2 1.08 Octocoral 4 4.77 
1 2 1.06 Octocoral 13 4.41 
1 2 1.08 Octocoral 9 4.43 
1 2 1.10 Octocoral 19 5.59 
1 2 1.05 Octocoral 5 5.28 
1 2 1.06 Octocoral 11 5.69 
1 2 1.10 Octocoral 18 5.97 
1 2 1.18 Octocoral 23 6.64 
1 2 1.07 Octocoral 1 8.42 
1 2 1.06 Octocoral 1 8.29 
1 2 1.06 Unidentifiable 1 6.89 
Appendix IV. Raw data used for regression analysis (continued) 
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Reef  Transect  Rugosity index Benthic category Frequency Depth (m) 
1 2 1.06 Unidentifiable 4 6.89 
1 2 1.01 Unidentifiable 2 6.76 
1 2 1.01 Unidentifiable 10 6.76 
1 2 1.06 Unidentifiable 12 6.48 
1 2 1.03 Unidentifiable 17 6.4 
1 2 1.02 Unidentifiable 1 6.2 
1 2 1.02 Unidentifiable 4 6.2 
1 2 1.08 Unidentifiable 3 5.89 
1 2 1.06 Unidentifiable 3 5.62 
1 2 1.06 Unidentifiable 3 5.24 
1 2 1.03 Unidentifiable 2 5.37 
1 2 1.03 Unidentifiable 1 5.2 
1 2 1.05 Unidentifiable 1 5.4 
1 2 1.03 Unidentifiable 1 5.26 
1 2 1.04 Unidentifiable 5 5.85 
1 2 1.06 Unidentifiable 12 6.14 
1 2 1.09 Unidentifiable 4 6.16 
1 2 1.16 Unidentifiable 8 6.14 
1 2 1.16 Unidentifiable 1 6.93 
1 2 1.02 Unidentifiable 1 7.74 
1 2 1.02 Unidentifiable 6 7.83 
1 2 1.04 Unidentifiable 14 7.81 
1 2 1.06 Unidentifiable 18 7.34 
1 2 1.13 Unidentifiable 6 6.55 
1 2 1.16 Unidentifiable 50 5.96 
1 2 1.05 Unidentifiable 10 5.7 
1 2 1.11 Unidentifiable 8 5.48 
1 2 1.09 Unidentifiable 4 4.94 
1 2 1.07 Unidentifiable 15 4.36 
1 2 1.14 Unidentifiable 2 4.76 
1 2 1.06 Unidentifiable 14 4.41 
1 2 1.08 Unidentifiable 19 4.43 
1 2 1.07 Unidentifiable 50 4.48 
1 2 1.08 Unidentifiable 50 4.43 
1 2 1.05 Unidentifiable 50 4.91 
1 2 1.10 Unidentifiable 8 5.59 
1 2 1.05 Unidentifiable 29 5.28 
1 2 1.06 Unidentifiable 21 5.69 
1 2 1.10 Unidentifiable 8 5.97 
1 2 1.18 Unidentifiable 10 6.64 
1 2 1.09 Unidentifiable 50 6.8 
1 2 1.14 Unidentifiable 50 7.09 
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Reef  Transect  Rugosity index Benthic category Frequency Depth (m) 
1 2 1.10 Unidentifiable 50 7.4 
1 2 1.13 Unidentifiable 50 8 
1 2 1.05 Unidentifiable 50 8.04 
1 2 1.05 Unidentifiable 10 8.48 
1 2 1.06 Unidentifiable 3 8.29 
1 2 1.06 Other 1 6.89 
1 2 1.01 Other 1 6.76 
1 2 1.03 Other 1 6.4 
1 2 1.02 Other 2 6.2 
1 2 1.06 Other 1 5.62 
1 2 1.06 Other 1 5.24 
1 2 1.03 Other 1 5.37 
1 2 1.03 Other 1 5.26 
1 2 1.03 Other 1 5.41 
1 2 1.09 Other 1 6.16 
1 2 1.05 Other 2 5.7 
1 2 1.11 Other 3 5.48 
1 2 1.06 Other 1 5.69 
1 2 1.18 Other 1 6.64 
1 2 1.06 Boulder coral 1 5.24 
1 2 1.05 Boulder coral 2 5.4 
1 2 1.03 Boulder coral 3 5.26 
1 2 1.03 Boulder coral 1 5.41 
1 2 1.06 Boulder coral 1 6.14 
1 2 1.09 Boulder coral 2 6.16 
1 2 1.02 Boulder coral 1 7.83 
1 2 1.12 Boulder coral 1 6.67 
1 2 1.13 Boulder coral 14 6.55 
1 2 1.05 Boulder coral 2 5.7 
1 2 1.11 Boulder coral 2 5.48 
1 2 1.09 Boulder coral 23 4.94 
1 2 1.08 Boulder coral 3 4.77 
1 2 1.06 Boulder coral 2 4.41 
1 2 1.08 Boulder coral 1 4.43 
1 2 1.10 Boulder coral 2 5.59 
1 2 1.06 Boulder coral 2 5.69 
1 2 1.03 Branching coral 1 5.37 
1 2 1.08 Branching coral 1 4.49 
1 2 1.06 Branching coral 2 4.41 
1 2 1.08 Branching coral 1 4.43 
1 2 1.06 Plate coral 1 5.62 
1 2 1.03 Plate coral 1 5.37 
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Reef  Transect  Rugosity index Benthic category Frequency Depth (m) 
1 2 1.03 Plate coral 1 5.2 
1 2 1.03 Sponge 1 5.26 
1 2 1.03 Sponge 1 5.41 
1 2 1.06 Seagrass 18 6.89 
1 2 1.06 Seagrass 13 6.89 
1 2 1.01 Seagrass 12 6.76 
1 2 1.01 Seagrass 3 6.76 
1 2 1.03 Seagrass 1 6.4 
1 2 1.16 Seagrass 2 6.14 
1 2 1.16 Seagrass 9 6.93 
2 1 1.01 Substrate 28 7.48 
2 1 1.00 Substrate 35 7.4 
2 1 1.01 Substrate 34 7.34 
2 1 1.01 Substrate 25 7.15 
2 1 1.03 Substrate 38 7.36 
2 1 1.05 Substrate 27 6.72 
2 1 1.09 Substrate 16 6.6 
2 1 1.06 Substrate 20 6.15 
2 1 1.08 Substrate 14 5.57 
2 1 1.03 Substrate 20 5.5 
2 1 1.07 Substrate 18 5.36 
2 1 1.06 Substrate 22 5.08 
2 1 1.08 Substrate 23 5.06 
2 1 1.12 Substrate 19 5.13 
2 1 1.11 Substrate 33 4.92 
2 1 1.04 Substrate 35 4.5 
2 1 1.04 Substrate 24 4.3 
2 1 1.04 Substrate 13 4.44 
2 1 1.04 Substrate 28 4.28 
2 1 1.02 Substrate 26 4.12 
2 1 1.01 Substrate 26 3.82 
2 1 1.02 Substrate 30 3.73 
2 1 1.02 Substrate 22 3.83 
2 1 1.03 Substrate 16 3.9 
2 1 1.01 Substrate 32 3.72 
2 1 1.01 Substrate 26 3.65 
2 1 1.01 Substrate 22 3.74 
2 1 1.02 Substrate 29 3.76 
2 1 1.03 Substrate 19 3.83 
2 1 1.02 Substrate 24 3.66 
2 1 1.04 Substrate 29 3.52 
2 1 1.06 Substrate 12 3.91 
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Reef  Transect  Rugosity index Benthic category Frequency Depth (m) 
2 1 1.05 Substrate 28 4.01 
2 1 1.01 Substrate 25 3.58 
2 1 1.02 Substrate 22 3.4 
2 1 1.05 Substrate 28 3.54 
2 1 1.04 Substrate 22 3.96 
2 1 1.03 Substrate 31 3.9 
2 1 1.04 Substrate 29 4.21 
2 1 1.06 Substrate 20 4.09 
2 1 1.07 Substrate 21 4.43 
2 1 1.10 Substrate 31 4.37 
2 1 1.09 Substrate 30 4.09 
2 1 1.05 Substrate 22 4.32 
2 1 1.03 Substrate 27 4.46 
2 1 1.07 Substrate 26 4.68 
2 1 1.10 Substrate 18 4.67 
2 1 1.14 Substrate 21 4.97 
2 1 1.12 Substrate 33 4.71 
2 1 1.07 Substrate 27 4.94 
2 1 1.06 Substrate 25 5.18 
2 1 1.05 Substrate 29 5.28 
2 1 1.21 Substrate 33 6.14 
2 1 1.15 Substrate 27 6.46 
2 1 1.12 Substrate 28 6.97 
2 1 1.04 Substrate 38 6.86 
2 1 1.08 Substrate 50 7.83 
2 1 1.04 Substrate 50 7.62 
2 1 1.00 Macroalgae 3 7.4 
2 1 1.01 Macroalgae 1 7.34 
2 1 1.01 Macroalgae 1 7.15 
2 1 1.03 Macroalgae 4 7.36 
2 1 1.05 Macroalgae 7 6.72 
2 1 1.09 Macroalgae 11 6.6 
2 1 1.06 Macroalgae 16 6.15 
2 1 1.08 Macroalgae 22 5.57 
2 1 1.03 Macroalgae 19 5.5 
2 1 1.07 Macroalgae 15 5.36 
2 1 1.06 Macroalgae 21 5.08 
2 1 1.08 Macroalgae 13 5.06 
2 1 1.12 Macroalgae 21 5.13 
2 1 1.11 Macroalgae 5 4.92 
2 1 1.04 Macroalgae 3 4.5 
2 1 1.04 Macroalgae 11 4.3 
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Reef  Transect  Rugosity index Benthic category Frequency Depth (m) 
2 1 1.04 Macroalgae 7 4.44 
2 1 1.04 Macroalgae 9 4.28 
2 1 1.02 Macroalgae 8 4.12 
2 1 1.01 Macroalgae 10 3.82 
2 1 1.02 Macroalgae 7 3.73 
2 1 1.02 Macroalgae 12 3.83 
2 1 1.03 Macroalgae 8 3.9 
2 1 1.01 Macroalgae 3 3.72 
2 1 1.01 Macroalgae 4 3.65 
2 1 1.01 Macroalgae 10 3.74 
2 1 1.02 Macroalgae 10 3.76 
2 1 1.03 Macroalgae 9 3.83 
2 1 1.02 Macroalgae 4 3.66 
2 1 1.04 Macroalgae 5 3.52 
2 1 1.06 Macroalgae 11 3.91 
2 1 1.05 Macroalgae 7 4.01 
2 1 1.01 Macroalgae 4 3.58 
2 1 1.02 Macroalgae 16 3.4 
2 1 1.05 Macroalgae 4 3.54 
2 1 1.04 Macroalgae 16 3.96 
2 1 1.03 Macroalgae 6 3.9 
2 1 1.04 Macroalgae 2 4.21 
2 1 1.06 Macroalgae 10 4.09 
2 1 1.07 Macroalgae 16 4.43 
2 1 1.10 Macroalgae 9 4.37 
2 1 1.09 Macroalgae 6 4.09 
2 1 1.05 Macroalgae 18 4.32 
2 1 1.03 Macroalgae 16 4.46 
2 1 1.07 Macroalgae 15 4.68 
2 1 1.10 Macroalgae 17 4.67 
2 1 1.14 Macroalgae 18 4.97 
2 1 1.12 Macroalgae 12 4.71 
2 1 1.07 Macroalgae 9 4.94 
2 1 1.06 Macroalgae 8 5.18 
2 1 1.05 Macroalgae 6 5.28 
2 1 1.21 Macroalgae 2 6.14 
2 1 1.15 Macroalgae 5 6.46 
2 1 1.12 Macroalgae 3 6.97 
2 1 1.04 Macroalgae 4 6.86 
2 1 1.00 Octocoral 3 7.4 
2 1 1.01 Octocoral 8 7.34 
2 1 1.01 Octocoral 1 7.15 
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Reef  Transect  Rugosity index Benthic category Frequency Depth (m) 
2 1 1.03 Octocoral 3 7.36 
2 1 1.05 Octocoral 5 6.72 
2 1 1.09 Octocoral 15 6.6 
2 1 1.06 Octocoral 8 6.15 
2 1 1.08 Octocoral 11 5.57 
2 1 1.03 Octocoral 9 5.5 
2 1 1.07 Octocoral 13 5.36 
2 1 1.06 Octocoral 7 5.08 
2 1 1.08 Octocoral 8 5.06 
2 1 1.12 Octocoral 10 5.13 
2 1 1.11 Octocoral 8 4.92 
2 1 1.04 Octocoral 9 4.5 
2 1 1.04 Octocoral 13 4.3 
2 1 1.04 Octocoral 19 4.44 
2 1 1.04 Octocoral 12 4.28 
2 1 1.02 Octocoral 8 4.12 
2 1 1.01 Octocoral 9 3.82 
2 1 1.02 Octocoral 12 3.73 
2 1 1.02 Octocoral 16 3.83 
2 1 1.03 Octocoral 18 3.9 
2 1 1.01 Octocoral 6 3.72 
2 1 1.01 Octocoral 14 3.65 
2 1 1.01 Octocoral 11 3.74 
2 1 1.02 Octocoral 11 3.76 
2 1 1.03 Octocoral 16 3.83 
2 1 1.02 Octocoral 16 3.66 
2 1 1.04 Octocoral 11 3.52 
2 1 1.06 Octocoral 14 3.91 
2 1 1.05 Octocoral 13 4.01 
2 1 1.01 Octocoral 18 3.58 
2 1 1.02 Octocoral 12 3.4 
2 1 1.05 Octocoral 17 3.54 
2 1 1.04 Octocoral 7 3.96 
2 1 1.03 Octocoral 10 3.9 
2 1 1.04 Octocoral 16 4.21 
2 1 1.06 Octocoral 18 4.09 
2 1 1.10 Octocoral 6 4.37 
2 1 1.09 Octocoral 12 4.09 
2 1 1.05 Octocoral 4 4.32 
2 1 1.03 Octocoral 4 4.46 
2 1 1.07 Octocoral 5 4.68 
2 1 1.10 Octocoral 11 4.67 
Appendix IV. Raw data used for regression analysis (continued) 
 58
 
 
 
Reef  Transect  Rugosity index Benthic category Frequency Depth (m) 
2 1 1.14 Octocoral 9 4.97 
2 1 1.12 Octocoral 4 4.71 
2 1 1.07 Octocoral 13 4.94 
2 1 1.06 Octocoral 13 5.18 
2 1 1.05 Octocoral 11 5.28 
2 1 1.21 Octocoral 15 6.14 
2 1 1.15 Octocoral 10 6.46 
2 1 1.12 Octocoral 11 6.97 
2 1 1.04 Octocoral 7 6.86 
2 1 1.00 Unidentifiable 2 7.4 
2 1 1.01 Unidentifiable 15 7.15 
2 1 1.03 Unidentifiable 3 7.36 
2 1 1.05 Unidentifiable 8 6.72 
2 1 1.09 Unidentifiable 3 6.6 
2 1 1.06 Unidentifiable 6 6.15 
2 1 1.08 Unidentifiable 2 5.57 
2 1 1.03 Unidentifiable 1 5.5 
2 1 1.07 Unidentifiable 3 5.36 
2 1 1.08 Unidentifiable 3 5.06 
2 1 1.11 Unidentifiable 2 4.92 
2 1 1.04 Unidentifiable 1 4.3 
2 1 1.04 Unidentifiable 8 4.44 
2 1 1.02 Unidentifiable 1 4.12 
2 1 1.03 Unidentifiable 3 3.9 
2 1 1.01 Unidentifiable 2 3.72 
2 1 1.01 Unidentifiable 1 3.65 
2 1 1.01 Unidentifiable 3 3.74 
2 1 1.03 Unidentifiable 1 3.83 
2 1 1.02 Unidentifiable 1 3.66 
2 1 1.04 Unidentifiable 4 3.52 
2 1 1.06 Unidentifiable 5 3.91 
2 1 1.05 Unidentifiable 1 4.01 
2 1 1.04 Unidentifiable 3 3.96 
2 1 1.03 Unidentifiable 1 3.9 
2 1 1.04 Unidentifiable 1 4.21 
2 1 1.07 Unidentifiable 1 4.43 
2 1 1.10 Unidentifiable 1 4.37 
2 1 1.03 Unidentifiable 2 4.46 
2 1 1.07 Unidentifiable 1 4.68 
2 1 1.10 Unidentifiable 1 4.67 
2 1 1.06 Unidentifiable 3 5.18 
2 1 1.05 Unidentifiable 3 5.28 
Appendix IV. Raw data used for regression analysis (continued) 
 59
 
 
 
Reef  Transect  Rugosity index Benthic category Frequency Depth (m) 
2 1 1.15 Unidentifiable 5 6.46 
2 1 1.12 Unidentifiable 5 6.97 
2 1 1.01 Other 1 7.48 
2 1 1.01 Other 2 7.34 
2 1 1.01 Other 2 7.15 
2 1 1.05 Other 3 6.72 
2 1 1.09 Other 1 6.6 
2 1 1.08 Other 1 5.57 
2 1 1.03 Other 1 5.5 
2 1 1.08 Other 3 5.06 
2 1 1.11 Other 2 4.92 
2 1 1.04 Other 2 4.5 
2 1 1.04 Other 1 4.3 
2 1 1.04 Other 2 4.44 
2 1 1.04 Other 1 4.28 
2 1 1.02 Other 3 4.12 
2 1 1.01 Other 1 3.82 
2 1 1.03 Other 1 3.9 
2 1 1.01 Other 1 3.74 
2 1 1.03 Other 1 3.83 
2 1 1.02 Other 1 3.66 
2 1 1.05 Other 1 3.54 
2 1 1.04 Other 1 3.96 
2 1 1.03 Other 1 3.9 
2 1 1.10 Other 1 4.37 
2 1 1.03 Other 1 4.46 
2 1 1.07 Other 1 4.68 
2 1 1.10 Other 1 4.67 
2 1 1.14 Other 1 4.97 
2 1 1.12 Other 1 4.71 
2 1 1.07 Other 1 4.94 
2 1 1.05 Other 1 5.28 
2 1 1.15 Other 2 6.46 
2 1 1.12 Other 1 6.97 
2 1 1.04 Other 1 6.86 
2 1 1.09 Boulder coral 4 6.6 
2 1 1.07 Boulder coral 1 5.36 
2 1 1.04 Boulder coral 1 4.44 
2 1 1.01 Boulder coral 2 3.82 
2 1 1.01 Boulder coral 7 3.72 
2 1 1.03 Boulder coral 2 3.83 
2 1 1.02 Boulder coral 2 3.66 
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Reef  Transect  Rugosity index Benthic category Frequency Depth (m) 
2 1 1.10 Boulder coral 1 4.37 
2 1 1.07 Boulder coral 1 4.68 
2 1 1.10 Boulder coral 2 4.67 
2 1 1.06 Boulder coral 1 5.18 
2 1 1.15 Boulder coral 1 6.46 
2 1 1.12 Boulder coral 2 6.97 
2 1 1.02 Branching coral 4 4.12 
2 1 1.01 Branching coral 4 3.65 
2 1 1.01 Branching coral 2 3.74 
2 1 1.06 Branching coral 2 3.91 
2 1 1.01 Branching coral 2 3.58 
2 1 1.04 Branching coral 1 3.96 
2 1 1.03 Branching coral 1 3.9 
2 1 1.04 Branching coral 1 4.21 
2 1 1.06 Branching coral 2 4.09 
2 1 1.07 Branching coral 1 4.43 
2 1 1.05 Branching coral 5 4.32 
2 1 1.07 Branching coral 1 4.68 
2 1 1.04 Plate coral 1 4.5 
2 1 1.01 Plate coral 1 3.82 
2 1 1.02 Plate coral 1 3.73 
2 1 1.03 Plate coral 1 3.9 
2 1 1.01 Plate coral 1 3.74 
2 1 1.06 Plate coral 6 3.91 
2 1 1.04 Plate coral 1 4.21 
2 1 1.09 Plate coral 1 4.09 
2 1 1.01 Sponge 1 3.82 
2 1 1.03 Sponge 1 3.9 
2 1 1.03 Sponge 2 3.83 
2 1 1.02 Sponge 2 3.66 
2 1 1.04 Sponge 1 3.52 
2 1 1.05 Sponge 1 4.01 
2 1 1.14 Sponge 1 4.97 
2 1 1.01 Seagrass 21 7.48 
2 1 1.00 Seagrass 7 7.4 
2 1 1.01 Seagrass 5 7.34 
2 1 1.01 Seagrass 6 7.15 
2 1 1.03 Seagrass 2 7.36 
2 1 1.05 Zoanthid 1 4.32 
2 2 1.03 Substrate 50 7.37 
2 2 1.03 Substrate 34 7.37 
2 2 1.14 Substrate 24 6.88 
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Reef  Transect  Rugosity index Benthic category Frequency Depth (m) 
2 2 1.06 Substrate 24 6.5 
2 2 1.06 Substrate 21 6.26 
2 2 1.06 Substrate 18 5.8 
2 2 1.07 Substrate 18 5.8 
2 2 1.05 Substrate 25 5.1 
2 2 1.06 Substrate 15 4.69 
2 2 1.04 Substrate 28 4.89 
2 2 1.05 Substrate 27 4.6 
2 2 1.04 Substrate 24 4.48 
2 2 1.08 Substrate 25 4.6 
2 2 1.06 Substrate 16 4.1 
2 2 1.04 Substrate 21 3.94 
2 2 1.02 Substrate 19 3.75 
2 2 1.03 Substrate 17 3.88 
2 2 1.02 Substrate 19 3.62 
2 2 1.02 Substrate 26 3.55 
2 2 1.04 Substrate 33 3.8 
2 2 1.05 Substrate 36 3.82 
2 2 1.02 Substrate 18 3.64 
2 2 1.02 Substrate 9 3.55 
2 2 1.03 Substrate 23 3.63 
2 2 1.03 Substrate 14 3.8 
2 2 1.01 Substrate 26 3.59 
2 2 1.07 Substrate 12 3.53 
2 2 1.08 Substrate 15 3.48 
2 2 1.07 Substrate 14 3.84 
2 2 1.09 Substrate 22 4.31 
2 2 1.03 Substrate 22 4.55 
2 2 1.05 Substrate 21 4.6 
2 2 1.08 Substrate 32 5.14 
2 2 1.25 Substrate 32 5.3 
2 2 1.28 Substrate 22 6.66 
2 2 1.16 Substrate 37 6.58 
2 2 1.07 Substrate 48 6.92 
2 2 1.02 Substrate 50 6.89 
2 2 1.03 Macroalgae 1 7.37 
2 2 1.14 Macroalgae 7 6.88 
2 2 1.06 Macroalgae 8 6.5 
2 2 1.06 Macroalgae 17 6.26 
2 2 1.06 Macroalgae 12 5.8 
2 2 1.07 Macroalgae 11 5.8 
2 2 1.06 Macroalgae 13 4.69 
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Reef  Transect  Rugosity index Benthic category Frequency Depth (m) 
2 2 1.04 Macroalgae 12 4.89 
2 2 1.05 Macroalgae 4 4.6 
2 2 1.04 Macroalgae 6 4.48 
2 2 1.08 Macroalgae 11 4.6 
2 2 1.06 Macroalgae 10 4.1 
2 2 1.04 Macroalgae 12 3.94 
2 2 1.02 Macroalgae 10 3.75 
2 2 1.03 Macroalgae 8 3.88 
2 2 1.02 Macroalgae 6 3.62 
2 2 1.02 Macroalgae 9 3.55 
2 2 1.04 Macroalgae 8 3.8 
2 2 1.05 Macroalgae 5 3.82 
2 2 1.02 Macroalgae 7 3.64 
2 2 1.02 Macroalgae 17 3.55 
2 2 1.03 Macroalgae 6 3.63 
2 2 1.04 Macroalgae 12 4.89 
2 2 1.03 Macroalgae 6 3.8 
2 2 1.01 Macroalgae 6 3.59 
2 2 1.07 Macroalgae 20 3.53 
2 2 1.08 Macroalgae 9 3.48 
2 2 1.07 Macroalgae 12 3.84 
2 2 1.09 Macroalgae 9 4.31 
2 2 1.03 Macroalgae 16 4.55 
2 2 1.05 Macroalgae 15 4.6 
2 2 1.08 Macroalgae 14 5.14 
2 2 1.25 Macroalgae 10 5.3 
2 2 1.28 Macroalgae 18 6.66 
2 2 1.16 Macroalgae 3 6.58 
2 2 1.03 Octocoral 1 7.37 
2 2 1.14 Octocoral 3 6.88 
2 2 1.06 Octocoral 7 6.5 
2 2 1.06 Octocoral 7 6.26 
2 2 1.06 Octocoral 18 5.8 
2 2 1.07 Octocoral 14 5.8 
2 2 1.05 Octocoral 9 5.1 
2 2 1.06 Octocoral 22 4.69 
2 2 1.04 Octocoral 10 4.89 
2 2 1.05 Octocoral 16 4.6 
2 2 1.04 Octocoral 16 4.48 
2 2 1.08 Octocoral 14 4.6 
2 2 1.06 Octocoral 23 4.1 
2 2 1.04 Octocoral 10 3.94 
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Reef  Transect  Rugosity index Benthic category Frequency Depth (m) 
2 2 1.02 Octocoral 20 3.75 
2 2 1.03 Octocoral 22 3.88 
2 2 1.02 Octocoral 14 3.62 
2 2 1.02 Octocoral 15 3.55 
2 2 1.04 Octocoral 10 4.89 
2 2 1.05 Octocoral 16 4.6 
2 2 1.04 Octocoral 6 3.8 
2 2 1.05 Octocoral 6 3.82 
2 2 1.02 Octocoral 12 3.64 
2 2 1.02 Octocoral 15 3.55 
2 2 1.03 Octocoral 17 3.63 
2 2 1.03 Octocoral 24 3.8 
2 2 1.01 Octocoral 12 3.59 
2 2 1.07 Octocoral 16 3.53 
2 2 1.08 Octocoral 17 3.48 
2 2 1.07 Octocoral 15 3.84 
2 2 1.09 Octocoral 8 4.31 
2 2 1.03 Octocoral 8 4.55 
2 2 1.05 Octocoral 8 4.6 
2 2 1.08 Octocoral 4 5.14 
2 2 1.25 Octocoral 7 5.3 
2 2 1.28 Octocoral 2 6.66 
2 2 1.16 Octocoral 7 6.58 
2 2 1.07 Octocoral 1 6.92 
2 2 1.03 Unidentifiable 1 7.37 
2 2 1.14 Unidentifiable 12 6.88 
2 2 1.06 Unidentifiable 9 6.5 
2 2 1.06 Unidentifiable 2 6.26 
2 2 1.06 Unidentifiable 1 5.8 
2 2 1.07 Unidentifiable 6 5.8 
2 2 1.05 Unidentifiable 6 5.1 
2 2 1.05 Unidentifiable 2 4.6 
2 2 1.04 Unidentifiable 3 4.48 
2 2 1.04 Unidentifiable 6 3.94 
2 2 1.03 Unidentifiable 3 3.88 
2 2 1.02 Unidentifiable 8 3.62 
2 2 1.04 Unidentifiable 2 3.8 
2 2 1.02 Unidentifiable 11 3.64 
2 2 1.02 Unidentifiable 5 3.55 
2 2 1.03 Unidentifiable 4 3.63 
2 2 1.03 Unidentifiable 3 3.8 
2 2 1.01 Unidentifiable 4 3.59 
2 2 1.07 Unidentifiable 1 3.53 
2 2 1.08 Unidentifiable 8 3.48 
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Reef  Transect  Rugosity index Benthic category Frequency Depth (m) 
2 2 1.07 Unidentifiable 5 3.84 
2 2 1.09 Unidentifiable 3 4.31 
2 2 1.03 Unidentifiable 2 4.55 
2 2 1.05 Unidentifiable 1 4.6 
2 2 1.28 Unidentifiable 8 6.66 
2 2 1.15 Unidentifiable 50 6.98 
2 2 1.16 Unidentifiable 2 6.58 
2 2 1.07 Unidentifiable 1 6.92 
2 2 1.14 Other 1 6.88 
2 2 1.06 Other 1 5.8 
2 2 1.05 Other 1 5.1 
2 2 1.04 Other 1 4.48 
2 2 1.02 Other 1 3.62 
2 2 1.05 Other 1 3.82 
2 2 1.03 Other 1 3.8 
2 2 1.07 Other 1 3.84 
2 2 1.03 Other 1 4.55 
2 2 1.05 Other 1 4.6 
2 2 1.25 Other 1 5.3 
2 2 1.14 Boulder coral 2 6.88 
2 2 1.06 Boulder coral 2 6.5 
2 2 1.06 Boulder coral 3 6.26 
2 2 1.07 Boulder coral 1 5.8 
2 2 1.05 Boulder coral 1 4.6 
2 2 1.02 Boulder coral 1 3.75 
2 2 1.01 Boulder coral 2 3.59 
2 2 1.16 Boulder coral 1 6.58 
2 2 1.06 Branching coral 1 4.1 
2 2 1.02 Branching coral 1 3.62 
2 2 1.04 Branching coral 1 3.8 
2 2 1.02 Branching coral 1 3.64 
2 2 1.02 Branching coral 3 3.55 
2 2 1.03 Branching coral 1 3.8 
2 2 1.07 Branching coral 3 3.84 
2 2 1.09 Branching coral 8 4.31 
2 2 1.03 Branching coral 1 4.55 
2 2 1.02 Plate coral 1 3.62 
2 2 1.03 Seagrass 13 7.37 
2 2 1.14 Seagrass 1 6.88 
2 2 1.04 Zoanthid 1 3.94 
2 2 1.05 Zoanthid 2 3.82 
2 2 1.02 Zoanthid 1 3.64 
2 2 1.02 Zoanthid 1 3.55 
2 2 1.03 Zoanthid 1 3.8 
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Reef  Transect  Rugosity index Benthic category Frequency Depth (m) 
2 2 1.07 Zoanthid 1 3.53 
2 2 1.08 Zoanthid 1 3.48 
2 2 1.05 Zoanthid 4 4.6 
3 1 1.07 Substrate 30 7.31 
3 1 1.03 Substrate 37 7.4 
3 1 1.03 Substrate 33 7.18 
3 1 1.10 Substrate 20 6.83 
3 1 1.09 Substrate 33 6.26 
3 1 1.20 Substrate 32 5.18 
3 1 1.09 Substrate 31 5.05 
3 1 1.14 Substrate 28 4.92 
3 1 1.13 Substrate 18 4.46 
3 1 1.02 Substrate 26 4.38 
3 1 1.01 Substrate 14 4.26 
3 1 1.02 Substrate 19 4.14 
3 1 1.03 Substrate 15 4.07 
3 1 1.04 Substrate 27 4.22 
3 1 1.05 Substrate 29 4.27 
3 1 1.01 Substrate 23 4.29 
3 1 1.02 Substrate 24 4.2 
3 1 1.02 Substrate 20 4.34 
3 1 1.05 Substrate 16 4.43 
3 1 1.05 Substrate 22 4.43 
3 1 1.06 Substrate 22 4.86 
3 1 1.08 Substrate 26 4.65 
3 1 1.30 Substrate 35 5.31 
3 1 1.16 Substrate 29 6.01 
3 1 1.20 Substrate 16 6.55 
3 1 1.07 Macroalgae 2 7.31 
3 1 1.03 Macroalgae 8 7.4 
3 1 1.03 Macroalgae 17 7.18 
3 1 1.10 Macroalgae 21 6.83 
3 1 1.09 Macroalgae 15 6.26 
3 1 1.20 Macroalgae 15 5.18 
3 1 1.09 Macroalgae 15 5.05 
3 1 1.14 Macroalgae 14 4.92 
3 1 1.13 Macroalgae 25 4.46 
3 1 1.02 Macroalgae 18 4.38 
3 1 1.01 Macroalgae 24 4.26 
3 1 1.02 Macroalgae 17 4.14 
3 1 1.03 Macroalgae 26 4.07 
3 1 1.04 Macroalgae 9 4.22 
3 1 1.05 Macroalgae 10 4.27 
3 1 1.01 Macroalgae 12 4.29 
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Reef  Transect  Rugosity index Benthic category Frequency Depth (m) 
3 1 1.02 Macroalgae 15 4.2 
3 1 1.02 Macroalgae 13 4.34 
3 1 1.05 Macroalgae 14 4.43 
3 1 1.05 Macroalgae 20 4.43 
3 1 1.06 Macroalgae 19 4.86 
3 1 1.08 Macroalgae 8 4.65 
3 1 1.30 Macroalgae 8 5.31 
3 1 1.16 Macroalgae 9 6.01 
3 1 1.05 Macroalgae 10 4.27 
3 1 1.07 Octocoral 1 7.31 
3 1 1.10 Octocoral 7 6.83 
3 1 1.09 Octocoral 1 6.26 
3 1 1.20 Octocoral 2 5.18 
3 1 1.09 Octocoral 4 5.05 
3 1 1.14 Octocoral 8 4.92 
3 1 1.13 Octocoral 5 4.46 
3 1 1.02 Octocoral 6 4.38 
3 1 1.01 Octocoral 11 4.26 
3 1 1.02 Octocoral 13 4.14 
3 1 1.03 Octocoral 8 4.07 
3 1 1.04 Octocoral 7 4.22 
3 1 1.05 Octocoral 9 4.27 
3 1 1.01 Octocoral 14 4.29 
3 1 1.02 Octocoral 5 4.2 
3 1 1.02 Octocoral 15 4.34 
3 1 1.05 Octocoral 12 4.43 
3 1 1.05 Octocoral 8 4.43 
3 1 1.06 Octocoral 5 4.86 
3 1 1.08 Octocoral 12 4.65 
3 1 1.30 Octocoral 5 5.31 
3 1 1.16 Octocoral 9 6.01 
3 1 1.20 Octocoral 6 6.55 
3 1 1.10 Unidentifiable 2 6.83 
3 1 1.04 Unidentifiable 1 4.22 
3 1 1.01 Unidentifiable 1 4.29 
3 1 1.02 Unidentifiable 3 4.2 
3 1 1.05 Unidentifiable 5 4.43 
3 1 1.06 Unidentifiable 4 4.86 
3 1 1.08 Unidentifiable 1 4.65 
3 1 1.16 Unidentifiable 1 6.01 
3 1 1.20 Unidentifiable 28 6.55 
3 1 1.37 Unidentifiable 50 7.65 
3 1 1.02 Unidentifiable 50 8.15 
3 1 1.09 Other 1 6.26 
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Reef  Transect  Rugosity index Benthic category Frequency Depth (m) 
3 1 1.20 Other 1 5.18 
3 1 1.13 Other 1 4.46 
3 1 1.03 Other 1 4.07 
3 1 1.05 Other 1 4.27 
3 1 1.02 Other 1 4.2 
3 1 1.02 Other 1 4.34 
3 1 1.05 Other 1 4.43 
3 1 1.08 Other 1 4.65 
3 1 1.30 Other 1 5.31 
3 1 1.16 Other 2 6.01 
3 1 1.01 Boulder coral 1 4.26 
3 1 1.04 Boulder coral 1 4.22 
3 1 1.05 Boulder coral 1 4.27 
3 1 1.02 Boulder coral 2 4.2 
3 1 1.02 Boulder coral 1 4.34 
3 1 1.05 Boulder coral 1 4.43 
3 1 1.30 Boulder coral 1 5.31 
3 1 1.04 Branching coral 5 4.22 
3 1 1.05 Plate coral 1 4.43 
3 1 1.02 Sponge 1 4.14 
3 1 1.08 Sponge 2 4.65 
3 1 1.07 Seagrass 17 7.31 
3 1 1.03 Seagrass 5 7.4 
3 1 1.13 Zoanthid 1 4.46 
3 2 1.02 Substrate 32 7.12 
3 2 1.03 Substrate 28 6.84 
3 2 1.04 Substrate 30 6.93 
3 2 1.05 Substrate 28 6.51 
3 2 1.03 Substrate 26 6.31 
3 2 1.05 Substrate 30 5.73 
3 2 1.06 Substrate 24 5.66 
3 2 1.06 Substrate 14 5.12 
3 2 1.04 Substrate 22 4.7 
3 2 1.04 Substrate 14 4.42 
3 2 1.03 Substrate 19 4.55 
3 2 1.06 Substrate 25 4.26 
3 2 1.09 Substrate 18 4.73 
3 2 1.02 Substrate 28 4.5 
3 2 1.03 Substrate 24 4.36 
3 2 1.04 Substrate 15 4.37 
3 2 1.04 Substrate 16 4.49 
3 2 1.04 Substrate 29 4.64 
3 2 1.12 Substrate 24 5.06 
3 2 1.13 Substrate 29 4.78 
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Reef  Transect  Rugosity index Benthic category Frequency Depth (m) 
3 2 1.11 Substrate 30 5.38 
3 2 1.17 Substrate 22 5.65 
3 2 1.23 Substrate 19 6.24 
3 2 1.02 Substrate 50 8.57 
3 2 1.03 Macroalgae 4 6.84 
3 2 1.04 Macroalgae 7 6.93 
3 2 1.05 Macroalgae 11 6.51 
3 2 1.03 Macroalgae 15 6.31 
3 2 1.05 Macroalgae 9 5.73 
3 2 1.06 Macroalgae 10 5.66 
3 2 1.06 Macroalgae 15 5.12 
3 2 1.04 Macroalgae 11 4.7 
3 2 1.04 Macroalgae 17 4.42 
3 2 1.03 Macroalgae 18 4.55 
3 2 1.06 Macroalgae 13 4.26 
3 2 1.09 Macroalgae 17 4.73 
3 2 1.02 Macroalgae 5 4.5 
3 2 1.03 Macroalgae 16 4.36 
3 2 1.04 Macroalgae 11 4.37 
3 2 1.04 Macroalgae 11 4.49 
3 2 1.04 Macroalgae 15 4.64 
3 2 1.12 Macroalgae 10 5.06 
3 2 1.13 Macroalgae 17 4.78 
3 2 1.11 Macroalgae 9 5.38 
3 2 1.17 Macroalgae 17 5.65 
3 2 1.23 Macroalgae 6 6.24 
3 2 1.04 Octocoral 2 6.93 
3 2 1.05 Octocoral 9 6.51 
3 2 1.03 Octocoral 5 6.31 
3 2 1.05 Octocoral 2 5.73 
3 2 1.06 Octocoral 11 5.66 
3 2 1.06 Octocoral 11 5.12 
3 2 1.04 Octocoral 14 4.7 
3 2 1.04 Octocoral 14 4.42 
3 2 1.03 Octocoral 9 4.55 
3 2 1.06 Octocoral 6 4.26 
3 2 1.09 Octocoral 12 4.73 
3 2 1.02 Octocoral 13 4.5 
3 2 1.03 Octocoral 8 4.36 
3 2 1.04 Octocoral 20 4.37 
3 2 1.04 Octocoral 14 4.49 
3 2 1.04 Octocoral 4 4.64 
3 2 1.12 Octocoral 5 5.06 
3 2 1.13 Octocoral 2 4.78 
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Reef  Transect  Rugosity index Benthic category Frequency Depth (m) 
3 2 1.11 Octocoral 8 5.38 
3 2 1.17 Octocoral 7 5.65 
3 2 1.23 Octocoral 3 6.24 
3 2 1.02 Unidentifiable 3 7.12 
3 2 1.03 Unidentifiable 9 6.84 
3 2 1.04 Unidentifiable 10 6.93 
3 2 1.05 Unidentifiable 1 6.51 
3 2 1.03 Unidentifiable 1 6.31 
3 2 1.05 Unidentifiable 4 5.73 
3 2 1.06 Unidentifiable 3 5.66 
3 2 1.06 Unidentifiable 3 5.12 
3 2 1.04 Unidentifiable 3 4.7 
3 2 1.04 Unidentifiable 1 4.42 
3 2 1.03 Unidentifiable 1 4.55 
3 2 1.06 Unidentifiable 5 4.26 
3 2 1.09 Unidentifiable 2 4.73 
3 2 1.02 Unidentifiable 3 4.5 
3 2 1.03 Unidentifiable 2 4.36 
3 2 1.04 Unidentifiable 2 4.37 
3 2 1.04 Unidentifiable 7 4.49 
3 2 1.04 Unidentifiable 2 4.64 
3 2 1.12 Unidentifiable 11 5.06 
3 2 1.13 Unidentifiable 2 4.78 
3 2 1.17 Unidentifiable 2 5.65 
3 2 1.23 Unidentifiable 22 6.24 
3 2 1.26 Unidentifiable 50 6.49 
3 2 1.05 Other 1 6.51 
3 2 1.03 Other 2 4.55 
3 2 1.09 Other 1 4.73 
3 2 1.04 Other 1 4.37 
3 2 1.03 Boulder coral 1 6.84 
3 2 1.05 Boulder coral 2 5.73 
3 2 1.06 Boulder coral 1 5.66 
3 2 1.06 Boulder coral 3 5.12 
3 2 1.04 Boulder coral 2 4.42 
3 2 1.06 Boulder coral 1 4.26 
3 2 1.04 Boulder coral 2 4.49 
3 2 1.11 Boulder coral 1 5.38 
3 2 1.17 Boulder coral 2 5.65 
3 2 1.04 Branching coral 1 4.42 
3 2 1.04 Branching coral 1 4.37 
3 2 1.03 Plate coral 1 6.31 
3 2 1.03 Sponge 1 6.84 
3 2 1.03 Sponge 1 6.31 
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Reef  Transect  Rugosity index Benthic category Frequency Depth (m) 
3 2 1.05 Sponge 2 5.73 
3 2 1.06 Sponge 3 5.12 
3 2 1.04 Sponge 1 4.42 
3 2 1.03 Sponge 1 4.55 
3 2 1.02 Sponge 1 4.5 
3 2 1.02 Seagrass 15 7.12 
3 2 1.03 Seagrass 7 6.84 
3 2 1.04 Seagrass 1 6.93 
4 1 1.07 Substrate 33 7.08 
4 1 1.17 Substrate 30 6.38 
4 1 1.15 Substrate 11 6.27 
4 1 1.11 Substrate 31 5.68 
4 1 1.05 Substrate 15 5.38 
4 1 1.12 Substrate 18 4.79 
4 1 1.13 Substrate 12 4.38 
4 1 1.06 Substrate 4 4.2 
4 1 1.03 Substrate 6 3.85 
4 1 1.04 Substrate 8 3.91 
4 1 1.04 Substrate 8 3.77 
4 1 1.02 Substrate 12 3.88 
4 1 1.02 Substrate 11 3.8 
4 1 1.05 Substrate 19 3.87 
4 1 1.01 Substrate 20 3.68 
4 1 1.11 Substrate 27 3.68 
4 1 1.02 Substrate 18 3.9 
4 1 1.03 Substrate 19 4.01 
4 1 1.05 Substrate 27 4.33 
4 1 1.16 Substrate 14 4.37 
4 1 1.11 Substrate 12 4.92 
4 1 1.09 Substrate 21 5.25 
4 1 1.05 Substrate 28 5.67 
4 1 1.03 Macroalgae 10 3.85 
4 1 1.04 Macroalgae 5 3.91 
4 1 1.04 Macroalgae 7 3.77 
4 1 1.02 Macroalgae 3 3.88 
4 1 1.05 Macroalgae 13 3.87 
4 1 1.01 Macroalgae 3 3.68 
4 1 1.11 Macroalgae 5 3.68 
4 1 1.02 Macroalgae 8 3.9 
4 1 1.03 Macroalgae 9 4.01 
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Reef  Transect  Rugosity index Benthic category Frequency Depth (m) 
4 1 1.05 Macroalgae 8 4.33 
4 1 1.16 Macroalgae 8 4.37 
4 1 1.11 Macroalgae 21 4.92 
4 1 1.09 Macroalgae 18 5.25 
4 1 1.05 Macroalgae 11 5.67 
4 1 1.11 Macroalgae 5 6.43 
4 1 1.07 Macroalgae 9 8.56 
4 1 1.07 Octocoral 4 7.08 
4 1 1.17 Octocoral 7 6.38 
4 1 1.15 Octocoral 14 6.27 
4 1 1.11 Octocoral 2 5.68 
4 1 1.05 Octocoral 16 5.38 
4 1 1.12 Octocoral 16 4.79 
4 1 1.13 Octocoral 21 4.38 
4 1 1.06 Octocoral 21 4.2 
4 1 1.03 Octocoral 26 3.85 
4 1 1.04 Octocoral 31 3.91 
4 1 1.04 Octocoral 25 3.77 
4 1 1.02 Octocoral 26 3.88 
4 1 1.02 Octocoral 32 3.8 
4 1 1.05 Octocoral 16 3.87 
4 1 1.01 Octocoral 21 3.68 
4 1 1.11 Octocoral 9 3.68 
4 1 1.02 Octocoral 20 3.9 
4 1 1.03 Octocoral 12 4.01 
4 1 1.05 Octocoral 12 4.33 
4 1 1.16 Octocoral 20 4.37 
4 1 1.11 Octocoral 16 4.92 
4 1 1.09 Octocoral 3 5.25 
4 1 1.05 Octocoral 9 5.67 
4 1 1.11 Octocoral 6 6.43 
4 1 1.10 Octocoral 5 6.73 
4 1 1.07 Unidentifiable 6 7.08 
4 1 1.17 Unidentifiable 6 6.38 
4 1 1.15 Unidentifiable 14 6.27 
4 1 1.11 Unidentifiable 14 5.68 
4 1 1.05 Unidentifiable 14 5.38 
4 1 1.12 Unidentifiable 4 4.79 
4 1 1.13 Unidentifiable 12 4.38 
4 1 1.06 Unidentifiable 4 4.2 
4 1 1.03 Unidentifiable 7 3.85 
4 1 1.04 Unidentifiable 5 3.91 
4 1 1.04 Unidentifiable 10 3.77 
4 1 1.02 Unidentifiable 9 3.88 
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Reef  Transect  Rugosity index Benthic category Frequency Depth (m) 
4 1 1.02 Unidentifiable 2 3.8 
4 1 1.05 Unidentifiable 1 3.87 
4 1 1.01 Unidentifiable 6 3.68 
4 1 1.11 Unidentifiable 3 3.68 
4 1 1.02 Unidentifiable 1 3.9 
4 1 1.03 Unidentifiable 6 4.01 
4 1 1.16 Unidentifiable 4 4.37 
4 1 1.10 Unidentifiable 14 6.73 
4 1 1.25 Unidentifiable 50 7.6 
4 1 1.07 Unidentifiable 3 8.56 
4 1 1.15 Other 1 6.27 
4 1 1.12 Other 1 4.79 
4 1 1.13 Other 1 4.38 
4 1 1.03 Other 1 3.85 
4 1 1.02 Other 4 3.8 
4 1 1.05 Other 1 3.87 
4 1 1.11 Other 2 3.68 
4 1 1.03 Other 1 4.01 
4 1 1.05 Other 2 4.33 
4 1 1.16 Other 1 4.37 
4 1 1.11 Other 1 4.92 
4 1 1.05 Other 1 5.67 
4 1 1.11 Other 1 6.43 
4 1 1.10 Other 1 6.73 
4 1 1.07 Other 1 8.56 
4 1 1.07 Boulder coral 1 7.08 
4 1 1.17 Boulder coral 2 6.38 
4 1 1.15 Boulder coral 1 6.27 
4 1 1.05 Boulder coral 2 5.38 
4 1 1.12 Boulder coral 2 4.79 
4 1 1.06 Boulder coral 5 4.2 
4 1 1.11 Boulder coral 2 3.68 
4 1 1.02 Boulder coral 1 3.9 
4 1 1.09 Boulder coral 8 5.25 
4 1 1.05 Boulder coral 1 5.67 
4 1 1.11 Boulder coral 6 6.43 
4 1 1.10 Boulder coral 1 6.73 
4 1 1.07 Boulder coral 2 8.56 
4 1 1.03 Branching coral 2 4.01 
4 1 1.05 Branching coral 1 4.33 
4 1 1.11 Branching coral 1 6.43 
4 1 1.10 Branching coral 1 6.73 
4 1 1.11 Plate coral 1 5.68 
4 1 1.02 Plate coral 1 3.8 
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Reef  Transect  Rugosity index Benthic category Frequency Depth (m) 
4 1 1.11 Sponge 1 3.68 
4 1 1.02 Sponge 1 3.9 
4 1 1.03 Sponge 1 4.01 
4 1 1.04 Zoanthid 1 3.91 
4 1 1.11 Zoanthid 1 3.68 
4 1 1.02 Zoanthid 1 3.9 
4 1 1.16 Zoanthid 3 4.37 
4 2 1.03 Substrate 31 6.73 
4 2 1.03 Substrate 40 6.83 
4 2 1.06 Substrate 35 6.51 
4 2 1.04 Substrate 32 6.91 
4 2 1.01 Substrate 36 6.77 
4 2 1.06 Substrate 32 6.76 
4 2 1.08 Substrate 29 6.43 
4 2 1.15 Substrate 27 6.33 
4 2 1.16 Substrate 38 5.68 
4 2 1.13 Substrate 38 5.74 
4 2 1.18 Substrate 27 5.71 
4 2 1.09 Substrate 34 5.29 
4 2 1.10 Substrate 30 5.37 
4 2 1.16 Substrate 34 4.78 
4 2 1.11 Substrate 35 4.69 
4 2 1.08 Substrate 16 4.6 
4 2 1.09 Substrate 23 4.64 
4 2 1.07 Substrate 20 4.43 
4 2 1.07 Substrate 23 4.16 
4 2 1.07 Substrate 33 3.79 
4 2 1.08 Substrate 2 3.27 
4 2 1.05 Substrate 10 3.59 
4 2 1.02 Substrate 23 3.58 
4 2 1.05 Substrate 20 3.87 
4 2 1.07 Substrate 13 3.6 
4 2 1.01 Substrate 24 3.81 
4 2 1.11 Substrate 27 4.46 
4 2 1.07 Substrate 13 4.25 
4 2 1.10 Substrate 7 4.62 
4 2 1.09 Substrate 15 4.39 
4 2 1.09 Substrate 18 4.98 
4 2 1.07 Substrate 12 5.37 
4 2 1.11 Substrate 19 5.64 
4 2 1.13 Substrate 27 7.62 
4 2 1.02 Substrate 39 8.45 
4 2 1.03 Macroalgae 4 6.83 
4 2 1.06 Macroalgae 1 6.51 
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Reef  Transect  Rugosity index Benthic category Frequency Depth (m) 
4 2 1.04 Macroalgae 1 6.91 
4 2 1.01 Macroalgae 3 6.77 
4 2 1.06 Macroalgae 7 6.76 
4 2 1.08 Macroalgae 13 6.43 
4 2 1.15 Macroalgae 10 6.33 
4 2 1.16 Macroalgae 7 5.68 
4 2 1.18 Macroalgae 10 5.71 
4 2 1.09 Macroalgae 3 5.29 
4 2 1.10 Macroalgae 8 5.37 
4 2 1.16 Macroalgae 5 4.78 
4 2 1.11 Macroalgae 8 4.69 
4 2 1.08 Macroalgae 8 4.6 
4 2 1.09 Macroalgae 4 4.64 
4 2 1.07 Macroalgae 5 4.43 
4 2 1.07 Macroalgae 3 4.16 
4 2 1.07 Macroalgae 1 3.79 
4 2 1.02 Macroalgae 3 3.58 
4 2 1.05 Macroalgae 1 3.87 
4 2 1.01 Macroalgae 7 3.81 
4 2 1.11 Macroalgae 8 4.46 
4 2 1.07 Macroalgae 11 4.25 
4 2 1.10 Macroalgae 3 4.62 
4 2 1.09 Macroalgae 7 4.39 
4 2 1.09 Macroalgae 10 4.98 
4 2 1.07 Macroalgae 7 5.37 
4 2 1.11 Macroalgae 12 5.64 
4 2 1.03 Octocoral 0 6.73 
4 2 1.03 Octocoral 1 6.83 
4 2 1.06 Octocoral 10 6.51 
4 2 1.04 Octocoral 11 6.91 
4 2 1.01 Octocoral 8 6.77 
4 2 1.06 Octocoral 6 6.76 
4 2 1.08 Octocoral 5 6.43 
4 2 1.15 Octocoral 10 6.33 
4 2 1.16 Octocoral 4 5.68 
4 2 1.13 Octocoral 8 5.74 
4 2 1.18 Octocoral 7 5.71 
4 2 1.09 Octocoral 11 5.29 
4 2 1.10 Octocoral 7 5.37 
4 2 1.16 Octocoral 8 4.78 
4 2 1.11 Octocoral 3 4.69 
4 2 1.08 Octocoral 9 4.6 
4 2 1.09 Octocoral 6 4.64 
4 2 1.07 Octocoral 9 4.43 
Appendix IV. Raw data used for regression analysis (continued) 
 75
 
 
 
Reef  Transect  Rugosity index Benthic category Frequency Depth (m) 
4 2 1.07 Octocoral 6 4.16 
4 2 1.07 Octocoral 9 3.79 
4 2 1.08 Octocoral 37 3.27 
4 2 1.05 Octocoral 28 3.59 
4 2 1.02 Octocoral 10 3.58 
4 2 1.05 Octocoral 14 3.87 
4 2 1.07 Octocoral 30 3.6 
4 2 1.01 Octocoral 14 3.81 
4 2 1.11 Octocoral 11 4.46 
4 2 1.07 Octocoral 19 4.25 
4 2 1.10 Octocoral 37 4.62 
4 2 1.09 Octocoral 19 4.98 
4 2 1.07 Octocoral 24 5.37 
4 2 1.11 Octocoral 11 5.64 
4 2 1.04 Unidentifiable 1 6.91 
4 2 1.01 Unidentifiable 1 6.77 
4 2 1.06 Unidentifiable 3 6.76 
4 2 1.08 Unidentifiable 2 6.43 
4 2 1.15 Unidentifiable 1 6.33 
4 2 1.16 Unidentifiable 1 5.68 
4 2 1.13 Unidentifiable 3 5.74 
4 2 1.18 Unidentifiable 5 5.71 
4 2 1.09 Unidentifiable 2 5.29 
4 2 1.10 Unidentifiable 1 5.37 
4 2 1.16 Unidentifiable 2 4.78 
4 2 1.11 Unidentifiable 2 4.69 
4 2 1.08 Unidentifiable 11 4.6 
4 2 1.09 Unidentifiable 12 4.64 
4 2 1.07 Unidentifiable 10 4.43 
4 2 1.07 Unidentifiable 2 4.16 
4 2 1.07 Unidentifiable 4 3.79 
4 2 1.08 Unidentifiable 6 3.27 
4 2 1.05 Unidentifiable 7 3.59 
4 2 1.02 Unidentifiable 9 3.58 
4 2 1.05 Unidentifiable 7 3.87 
4 2 1.07 Unidentifiable 5 3.6 
4 2 1.01 Unidentifiable 1 3.81 
4 2 1.11 Unidentifiable 1 4.46 
4 2 1.07 Unidentifiable 3 4.25 
4 2 1.09 Unidentifiable 4 4.39 
4 2 1.09 Unidentifiable 3 4.98 
4 2 1.07 Unidentifiable 6 5.37 
4 2 1.11 Unidentifiable 3 5.64 
4 2 1.09 Unidentifiable 50 6.14 
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Reef  Transect  Rugosity index Benthic category Frequency Depth (m) 
4 2 1.13 Unidentifiable 23 7.62 
4 2 1.15 Unidentifiable 50 7.56 
4 2 1.03 Other 2 6.73 
4 2 1.06 Other 3 6.51 
4 2 1.13 Other 1 5.74 
4 2 1.18 Other 1 5.71 
4 2 1.10 Other 1 5.37 
4 2 1.16 Other 1 4.78 
4 2 1.11 Other 2 4.69 
4 2 1.08 Other 1 4.6 
4 2 1.09 Other 3 4.64 
4 2 1.07 Other 1 4.43 
4 2 1.07 Other 3 4.16 
4 2 1.07 Other 2 3.79 
4 2 1.08 Other 2 3.27 
4 2 1.05 Other 3 3.59 
4 2 1.05 Other 2 3.87 
4 2 1.07 Other 1 3.6 
4 2 1.01 Other 2 3.81 
4 2 1.11 Other 2 4.46 
4 2 1.07 Other 2 4.25 
4 2 1.10 Other 2 4.62 
4 2 1.09 Other 24 4.39 
4 2 1.07 Other 1 5.37 
4 2 1.11 Other 2 5.64 
4 2 1.06 Boulder coral 1 6.51 
4 2 1.04 Boulder coral 4 6.91 
4 2 1.01 Boulder coral 1 6.77 
4 2 1.06 Boulder coral 2 6.76 
4 2 1.10 Boulder coral 2 5.37 
4 2 1.07 Boulder coral 1 4.43 
4 2 1.07 Boulder coral 4 4.16 
4 2 1.08 Boulder coral 3 3.27 
4 2 1.05 Boulder coral 1 3.59 
4 2 1.02 Boulder coral 2 3.58 
4 2 1.05 Boulder coral 2 3.87 
4 2 1.11 Boulder coral 1 4.46 
4 2 1.07 Boulder coral 1 4.25 
4 2 1.11 Boulder coral 2 5.64 
4 2 1.08 Branching coral 3 4.6 
4 2 1.09 Branching coral 1 4.64 
4 2 1.07 Branching coral 3 4.43 
4 2 1.07 Branching coral 3 4.16 
4 2 1.02 Branching coral 2 3.58 
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4 2 1.01 Branching coral 2 3.81 
4 2 1.07 Branching coral 1 4.25 
4 2 1.04 Plate coral 1 6.91 
4 2 1.01 Plate coral 1 6.77 
4 2 1.08 Plate coral 1 6.43 
4 2 1.15 Plate coral 2 6.33 
4 2 1.10 Plate coral 1 5.37 
4 2 1.07 Plate coral 6 4.16 
4 2 1.07 Plate coral 1 3.79 
4 2 1.05 Plate coral 4 3.87 
4 2 1.08 Sponge 2 4.6 
4 2 1.09 Sponge 1 4.64 
4 2 1.07 Sponge 1 4.43 
4 2 1.05 Sponge 1 3.59 
4 2 1.02 Sponge 1 3.58 
4 2 1.07 Sponge 1 3.6 
4 2 1.10 Sponge 1 4.62 
4 2 1.11 Sponge 1 5.64 
4 2 1.03 Seagrass 17 6.73 
4 2 1.03 Seagrass 5 6.83 
4 2 1.02 Seagrass 11 8.45 
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